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SUMMARY

In order to determine the effects of thickness, trailing-edge blunt-
ness, boattailing, and forward profile on the aerodynamic characteristics
of thin eslirfoils, and to provide & check on the available theoretical
methods, 31 airfoils were tested. The airfoils were 2, 4, and 6 percent
thick and were tested &t Mach numbers of 1.45 and 1.98 at Reynolds nunbers
of 1.0, 2.0, and 3.5 million in & clean conditlon snd at a Reynolds number
of 3.5 million with transition fixed.

The aserodynamic advantage of very thin airfoils was shown by a rapid
increase of maximm lift-drag ratio (e.g., from 5.8 to 1Lh.h at M = 1.15
and & Reynolds number of 1.0 million) as the airfoil thickness ratio was
decreased from 6 to 2 percent. Increased trailing-edge bluntness of the
6-percent-thick airfoils caused a small decrease in maximm lift-drag
ratio but a large increase in section modulus; for the 2-percent-thick
airfoils, increased bluntness caused a large decrease in maximum 1ift-
drag ratlo with only & small increase in section modulus. This has
special significance for propeller designers in that it indicates that
propellers whose blade elements operate at supersonic speeds should have
blunt trailing edges for the thick sections near the hub and relatively
sharp trailing edges for the thin sections near the tip. The importance
of maintaining & leminsr boundary layer on very thin alrfoils was shown
by the decrease of maximm 1ift-drag ratio from 1k.t to 11.9 caused by
fixing transition at the leading edge of a sharp-trailing-edge 2-percent- ’
thick airfoil at & Mach number of 1.45. The effects of the different
forward profiles snd chenges in boattailing were generaslly such that a
reduction in proflle area reduced the minimum drag coefficient. The
center of pressure of the sirfoils moved forward with increased thickness
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ratlio and moved eft with increased trailing-edge bluntness. Avallsable
theoretlcal methods were adequate for calculating the 1ift and pitching
moment of the airfoils under all conditions of the tests. The theoreti- »
cal methods for calculating foredrag and. correlation curves for estlmaling

base pressure were adequate for predicting the total drag when the tran-

sition position was known.

INTRODUCTION

Although thin airfolls have inherent structural limitations, they
are an serodynamic necessity for wings, control surfaces, and propellers
in order to attain practical lift-drag ratios for supersonic airplanes
end missiles. The structural limitations of thin airfoils can be allevl-
ated by meking the trailing edges blunt and by increasing the area of the
boattalled and forward parts of the profile. However, the aerodynamic
penalties, if any, involved in these increases in profile area must be
evaluated and balanced against the structursl improvements they afford.
The best means of assessing bluntness and other thickness effects, with~ p
out having the results obscured by plan-form effects, i1s by the study of
two~dimensional data.

Most of the experimental data availlable on blunt-trailing-edge air-
foils (e.g., refs. 1 through 3) pertain to thickness ratios greater than
5 percent. Since gains in aerodynemic and propulsive efficlency are to
be expected with Purther reductions in thickness ratio, data are required
for smaller thickness ratios. For these very thin alrfolls, the boundary-
layer thickness is often the same order of magnitude as the alrfoil thick~
ness and large viscous effects are to be expected, particularly near the
base of the model. Thus, experimental evaluation of the available invis-
cid theories, such as the linear, second-order, and shock-expansion
theories, and of the analytical results of referemces 1, 2, 4, 5, end 6
is required. :

The purpose of the present investigation, therefore, is to provide
experimental data on thin, blunt-trailing-edge airfolls for evaluating
the effects of thickness, trailing-edge bluntness, boattailing, and for-
ward profiles, and to furnish a check on the avallable theoretical
results. To asccomplish these aims, 31 airfoils were tested in the Ames
1- by 3-foot supersonic wind tumnel No. 1 at Mach numbers of 1.45 end
1.98 and at Reynolds numbers of 1.0 to 3.5 million.

SYMBOLS
A cross~-sectional area of airfoll profile, sq 1n. ‘f
rd
b length of boattailed section, in.
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airfoil chord, in.
section drag coefficient

section base-drag coefficient
section minimum drag coefficlent

sectlon minimum foredrsg coefficient

wlng drag coefficient
section 1ift coefficient

rate of change of 1ift coefficient with angle of atitack at
zero angle of attack, per redian

section 1lift coefficient for maximum lift-drag ratio

wing 1ift coefficient

section pltching-moment coefficlent sbout midchord position
wing pitching-moment coefficient about midchord position
trailing-edge thickness, in.

section moment of inertis sbout chord line, in.%

section modulus, in.®

sectlion maximum lift-drag ratio

Msch number

ratio of base pressure to free-stream static pressure

Reynolds number based on chord

maximum thickness of airfoil, in.
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Axc.p. distance of center of pressure forward of midchord position
in chord lengths :

a angle of atbtack, deg

B NETIEY

4 ratlo of specific heats (1.400 for air)

EXPERIMENTAL CONSIDERATIONS

Appareatus

The tests were conducted in the Ames 1- by 3=~foot supersonic wind
tunnel No. 1 This single~return, continucus~operation, varisgble-pressure
wind tunnel has & Mach number range of l.2 to 2.5. The Mach number is
changed by varying the wall contour by use of flexlble plates which com-
prise the top and bottom walls of the tunnel.

The side~support balance used to pmeasure the aserodynamic forces, and
a typlcal two-dimensional model installation are shown in figure l. 8Since
this ls the first report in which data obtained with this balance have
gppeared, a more complete description of the balance is glven than would
normelly be the case. The two~dimensional installation lncludes a
through=-span model, two boundary-layer plates, and two complete balance
units, one located on each side of the tunnel (only one balance unit is
shown in figure 1). The model is supported at each end by the balance
floating beam, which is, in turn, supported entirely by & set of six
(the yawing-moment gage is not shown) interchangesble ring-type straln
-gages. These gages are attached to the main body of the balance through
insulated supports. The complete unit of test model, floating beam, and
ring gages comes in contact wlth the main body of the balance only through
these lnsulated supports, thereby permitting electrical contact to detect
fouling of the unit. The balance 1s rotated by an electric motor driving
the worm gear mechanism on the msin body of the balance. An airtight
drum fits over the entire balance unit and is vented to free-stream static
pressure. Callbration of the balance showed that interaction effects
between components of the balance were negligible.

Tunnel-wall boundary-layer effects are ellminamted by the use of two
parsllel boundary-layer plates 8 inches spart which are alined with the
tunnel free stresm and which remain fixed with respect to the maln tunnel
walls. The spacing between the tumnel wall and the boundary=-layer plate
is such that all slde-wall tunnel houndary leyer flows behind the plate.
Circular pletes in the boundary-layer plates rotate wlith the model so as
to maintain a uniform, preset clearance around the model surface and
model shanks. The surfaces of the clrculer plate and the boundary-layer



NACA TN %039 5

plate remain flush to within 0.0015 inch. A fairing which completely
envelopes the model shank, thereby relieving it of any air load, is en
integral part of the rotating circular plate and is comnected solidly to
the balence housing. The model shank is pinned directly to the floating
beam. Clesrance sround the model surface and model shank was maintained
at all times so that the full air load on the wing would be transmitted
to the ring gages. The clearance between the wing surface and the
boundary-layer plate was preset at spproximately 0.030 inch for all the
two-dimensional wings (see fig. 2(a)). An auxiliary test arrangement,
used only with a semispan wing, which eliminates the 0.030~inch gap by
using a 0.007-inch~thick rubber seal 1s shown in figure 2(b) . The semi~
span wing uses only one balance and boundary-layer plate; the other
boundary-layer plate is replaced by & conventlonal 18-inch-diameter
window.

Models

All the airfoll sections used in this investigatlon are shown in
flgure 3. Each of the 31 sectlons was derived from one of four basic
shapes (having three different forward profiles); namely, (1) biconvex
(i.e., two circular arcs), t/c = 0.0%, (2) biconvex to the midchord point
with the maximum thickness constant to the trailing edge, t/c = 0.0k,

(3) biconvex to the one-thirdchord point with the meximum thickness
constant to the trailing edge, t/c = 0.02, 0.04, and 0.06, and (4) NACA
16-004. Seven individual sections were obtained from each of the four
blunt airfoils by altering the basic profile, as shown In figure 3.

In each case, the amounts of bluntness were 100, 60, 30, and O percent

of the airfoil maximum thickness. The boattall parameter used in the
investigation was the ratio of the length of boattail section to the

chord length. For the basic airfolls biconvex to c/3, the b/c ratios

were 0.05 and 0.33; for the basic airfoil biconvex to cﬁa, the b/c ratios
were 0.05 and 0.50. The biconvex airfoil was not sltered. One alteration
was made to the NACA 16-00k airfoil by increasing the trailing-edge blunt-
ness to 30 percent with the boattail a straight line from the base tangent
to the originel profile. Each of these airfoils had & chord length of

6 inches and a span of 8 inches between boundary-layer plates.

Two other wings were used to evaluate quantities necessary for the
complete analysis of the main airfoil dsta. They were (1) a 3/4-~inch-
chord wedge with a base height of 0.180 inch and a span of 8 inches
between boundsry-layer plates, (2) a 6-inch-chord, aspect ratio 2, double-
wedge, 6-percent-thick wing with a gap that could be sealed (see fig. 2).

The airfoils with blunt trailing edges had a 0.020~inch-diameter _
base-pressure orifice located symmetrlcally ip the base with the pressure
leed brought out at the rooct of the wing. All lesding edges, except for
the NACA 16~004 airfoil, and &1l sharp trailing edges had radii of
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approximately 0.002 inch for practical reasons of construction and mein-
tenance. The ordinates for the NACA 16~004 section are given in teble I.

Test Procedure

The airfoils were tested at Mach numbers of 1.45 and 1.98 and at
Reynolds numbers of 1.0, 2.0, and 3.5 million at each Mach number with
the eirfoll surface clean. At a Reynolds number of 3.5 mlllion, the alr-
foils were also tested with g 1/h-inch-wide salt band starting 1/ inch
from the leading edge. At a Mach number of 1..45, the angle-of-attack
range was limited to #6° due to the movement of the diffuser normal ghock
wave Into the test sectlion of the wind tunnel. However, at a Mach number
of 1.98 an angle of attack of +18° was attained before this phencmenon
occurred. Slmultaneous measurements of total force and base pressure
were made at each angle of attack. For all tests the humidity of the
tunnel alr was held to a value of less than 0.0003 pound of water vapor
per pound of dry air which is sufficilent to reduce condensation effects
to & negligible’ amount. ’

Since a salt band was used to promote boundary-layer transition,
it was necessary to evaluate the wave drag of the salt. For this purpose
& 3/b-inch-~chord wedge (see fig. 3) was tested at zero angle of attack
at both Mach ‘numbers wlth and without the salt bend. An attempt was made
to standardize the slze of 8alt crystals used by sifting through two-
screens of different mesh size thus eliminsting all the very large and the
very smell crystals. Several repéat runs were mede to check “the consist-
ency with which the salt bands could be epplied. The tests indicated
that the salt-band results could be repeated wlthin the values of uncer-
tainty in drag coefficient stated later in the section "Accuracy of Data";
that is, the differences between runs with the salt band were no larger
than differences between repest runs without the salt band. TFor tests
of ‘the wedge with and wilthout salt, the total force and.the base pressure
were measured snd the results corrected to foredrag. The difference
between the foredrag results with and without salt was teken as the cor-
rection for the wave drag of the salt.

The effect of the clearance around the airfoil at the wing root on
the aecrodynamlic forces was evaluated by using identical wing shapes with
the gap around one of the wings sealed with a 0.007-~inch~thick rubber
seal. The change in strain-gage callbration caused by that portion of
the spplied force required to stretch the elastic rubber seal was deter-
mined and found to be negligible by a static~force calibration with model
and balance installed in the tunnel. The double-wedge, semispan wings
used for this check were run at the same test conditions as were the two=
dimensionel alrfoils. Results of the gap tests, described later, showed
that the effect of the gap was insignificant.
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Reduction of Data

All force data were reduced to the usual coefficient form for drag,
1ift, and pitching moment. The reference length and area used for the
coefficients were chord length and plan-form area, respectively. In
addition to the total drag for all wings, the foredrag hes also been pre-
"sented in some instances. Base-pressure coefficients are given in the
form of the ratio of base pressure to the tunnel free-stream static
pressure.

Corrections to Experimental Results

Corrections to ‘the measured force coefficients were computed for the
wave drag of the salt band, for irregularities of the free-stream pressure
and stream angle, and for the change in angle of attack due to elastic
deformastion of model and balance.

The correction (describeﬁ in detail in the section "Test Procedure™)
which was applied to the mein airfoil data for the wave drag of the salt
band is an average of several runs made with the 3/L-inch-chord wedge.
The resulting values, expressed in drag coefficient form, are 0.0035 at
a Mach number of 1.35 and 0.0022 at a Mach number of 1.98.' This correc-
tion was determined at zero angle of attack only, but it was applied as .
a drag-force correction at all angles of attack. It is believed, however,
that the error introduced by this method of correction is of no practical
consequence.

Since the airfoil was rotated sbout its midchord point and therefore
alweys remeined in nearly the same region of the tunnel stream, & single
correction for stream angle sufficed throughout the angle-of-attack range.
This stresm-angle correction, which was small, and, in general, different
for the 1ift and moment curves, included the amount that the model angle
of attack was in error at the initisl installation and any asymmetries in
construction. The correction was spplled very simply by shifting the
1ift and moment curves so thet they would pass through the origin of the
axes. Corrections to the force and moment coefficlents due to free-streem
pressure gradlents were negligible for the girfoils of such small thick-
ness ratios as were used in this Investigation. The combined elastic
deformation of the model and balance for all wings was negligible for all
test conditions.
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Accuracy of Data

The accuracy of the final parameters used in the dats analysis has
been estimated by considering the known accuracy of the individusl quan~
tities used in determining these finel values. The total uncertainty is
glven by the square root  of the sum of the squares of the individual
uncertainties. These uncertainties are given as * increments in the
following table:

M c; |mxac®| am Acy Acg Acy Ao
1.5 )0 1.0 |£0.01 }+0.005 | £0.0010 } #0.0016| +0.10
0 3.5 +,002 1 #.0004 | #*.0005
~b51 1.0 #,005 | %.0013} %.0030
> 051 3.5 +,002 | +.0008 | £.0030

1.98 {0 1.0 +.,02 | £,005] *.0010} %.0016
0 3.5 +.002 | £.0004%| +.0005
80} 1.0 l +.012 | +.0051] #£.0030
~.8] 3.5 +.005 | +£.0020 ] £.0030 v

Repeatebility of date was checked by meking several runs wilth a given
model and was found to be consistent with the gbove values. In addition
to the above quentlties, another source of uncertainty 1ls Iintroduced by
the gap around the airfoll st the root of the wing. The effect of the
gep on the serodynamic characteristics was estimated from the semispan
data shown in figure 4. Since the difference between the runs with and
without gep was no more than that for a given model with a2 gep run twice,
the effect of gap was negliglble.

THEORETICAL, CONSIDERATIONS

Lift and Pitching Moment

Two theoreticel methods of calculating the 1ift and pitching moment
were used in the present report. Second-order theory was used for cal-
culating the slopes at o = 0, and shock-expansion theory was used at the
higher angles of attack where nonlinearities are to be expected and
greater accuracy than that of second-order theory is required. The
second-order formules used for the slopes at o =0 (ref. 1) were:

de C
1 2 h
T =% <l to E) (2)
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where
2
Ci =
' M -1 (2)
_(r+ 1)u* - 52 - 1)
b2 = 2(M® - 1)2 (3)
and

he
deq C2<;- 2.)

.rolie (4)
01 Clczé- + EE lg_.)

CL ¢C

Formulas 1 and 4 neglect the base pressure but it was shown in referencé 1
that the error involved in excluding the base pressure was negligible for
1ift and pitching moment.

Drag

The drag of the airfoils was predicted by adding calculated values
of the pressure foredrag, skin-friction drag, and the base drag. The
pressure foredrag was calculated by shock-expansion theory for all the
airfoils. For the two round-leading-edge sections (NACA 16-00%4 alrfoils
with h/t = O and h/t = 0.3), the calculations were made by approximating
the leading edge with the largest wedge angle for which the leading-edge
shock wave remsined attached. ILamingr skin-friction coefficients were
estimated from the Blasius flat-plate incompressible theory since diffexr-
ences are negligible at the test Mach numbers between this theory and the
more accurate theories which account for- compressibility. Turbulent skin-
Priction coefficients were estimated from Copels theory (ref. T) since
various experimental results sumarized by Chapman and Kester in refer-
ence 8 have shown thie theory to be as accurate as any of the available
theories at the Mach numbers of the test. No estimate was made of the
skin-friction coefficients for the Reynolds numbers for which natural
transition and part leminar, part turbulent boundary layers were Indicated
on the sirfoiles because the locatlion of transition was not known. The base
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drag weas estimated from the correlation plots of reference 9. Both the
base drag and the skin-friction dreg were assumed constant with angle of
atitack.

Lift-Drag Ratio and Optimum IL1ft Coefficient

The meximm lift-drag ratioc was calculated from the followlng second-
order equation of reference 1 which is applicsble for smsll values of h/c:

1/2
1 _ C1 1 Cz2h
<d>ma.x - (acdmin> (1 *% Go (5)

The optimum 1ift coefficient was calculeted from

Clopt = (201 Cagyy) " <1 *%%) (6)

which was derived from the formulass of reference 1.
RESULTS AND DISCUSSION

Results of tests of the 31 ailrfolls are presented In teble II in the
form of 1ift, drag, and pliching-moment coefficlents and base-pressure
ratios as a function of angle of attack. The coefficients are averages
of the values messured for both positive and negetlve angles since the
airfoils were symmetrical sbout the chord pleane and the differences for
the positive and negative angles were small and consistent with the uncer-
tainties in the data listed previously. Since the dste are tsbulated,
the only basic plots shown (figs. 5 through 8) are typical 1ift, pitching-
moment, drag, and lift-drag-ratio curves. The trends of the data with
the paremeters of the test (t/c, h/t, b/c, forward profile, M and R) and
theoretlical and experimental correlation plots are shown in figures 9
through 16. The experimental results of the test, with theoreticel pre~
dictions for comparison, are summerized in tegble III as lift~curve and
moment-curve slopes at o = 0, minimum drag coefficient, maximum lift-drag
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ratio, and 1ift coefficlent for meximum lift-drag ratio. The results are
discussed in the following parsasgraphs.

Lift

Typical 1ift curves ere shown in figure 5. The figure shows that the
1lift at any given angle increased with trailing-edge thickmess and was
relatively unaffected by airfoil thickness ratio as predicted by theory.
The predicted departure from linearity with angle of attack was slightly
less than that measured.

Examination of teble III shows that the normallzed lift-curve slopes,
Bcza, are principally a funetion of h/c and that there was no consistent

variastion of Bcza with t/c, b/c, forward profile, R and M. The nor-

malized lift-curve slopes are plotted against h/c in figure 9 for all
the models. The mean of the data closely followed the predicted increase
in Bcla with h/c. The spread in the data due to variations in t/c

and the other parameters mentioned above did not produce deviations from
the predicted curve by more than £5 percent, with but few exceptions.

Pitching Moment and Center of Pressure

Pyplcal pitching-moment coefficients are shown as & function of 1ift
coefficient in figure 6. The data asre for sharp~trailing-edge airfoils
2 and 6 percent thick in figure 6(a) and are for 6-percent-thick airfoils
with both sharp and fully blunt trailing edges in figure 6(b). The Pigure
shows that &t & given 1ift coefflcient and tralling-edge thickness ratio,
the effect of increased airfoll thickness ratio was to increase the
Ppitching-moment coefficlent. However, for given thickness ratio, the
pitching-moment coefficilent decreased with increased tralling-edge thick-
ness. Although the predicted pitching-moment curve was slightly more
nonlinear with 1ift for the 6-percent than the 2-percent-thick airfoils
and the reverse occurred experimentelly, the agreement between theory and
experiment was good.

The foregoing trends of 1lift and pitching-moment coefficient are
reflected in the forward movement of the center of pressure (fig. 10)
with increased airfoil thickness ratio and in resrward movement with
increased trailing-edge bluntness. For the sharp-trailing-edge airfoils
shown, the center of pressure moved from 2 to 8 percent of the chord for-
ward of the midchord position at M = 1.45 with an increase in airfoil
thickness ratio from 2 to 6 percent. Illustrating the opposite trend
with increased trailing-edge bluntness, the center of pressure shifted
from 8 to 4 percent of the chord forward of the midchord position for the
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6~percent-thick airfoll at M = 1.45 with an increase from zero to full
bluntness., The center of pressure was generally 1 to 2 percent of the
chord further forward at M = 1.45 than at M = 1.98. This was & trend
not predicted by theory. The effect of b/c and of forward profile,

with t/c and h/t fixed, was generally ‘to shift the center of pressure
forward with lncreased profile area. The variation of the center of pres=—
sure with Reynolds number can be seen from teble IITI to be less than 0.5
percent of the chord in most cases,

It can be seen from figure 11 that the predicted and experimental
center-of-pressure positions usually agreed withln 1 or 2 percent of the
chord, with better agreement at M = 1.98 than at M = 1.45.

An exsmple of how two-dimenslonal section data can be combined with
linear-theory tip effects to predict the pitching moment of a finite
agpect ratio wing is shown in figure 4. It can be seen that superimposing
thickness effects, as glven by secomd-order theory, on linear~theory tip
effects improves the prediction of the plitching moment over that which
would be calculated with thickness effects neglected.

Minimum Drag Coefficient

The variation of minimum drag coefficient with airfoll thickness
ratio and trailing-edge thickness ratio i1s shown in figure 12. Data
included pertain to various forward-facing profiles and boattall condi-
tions, with transition fixed at R=3.5x10° and with the airfoils in a
clean conditlion at R=1.0x10%. The dsta menifest a rapid increase in
Cdnin with incressed t/c or h/t and a decrease in g with incressed
Mach number. The percentage increase in cdmin wlth increased h/t was
larger for the 2-percent than the 6-percent-thick airfoil, as would be
inferred from the theoretical optimum-airfoll results of reference 3. At
M = 1.45, Cdmin increased approximately 40 percent (or 0.012) for
6-percent-thick airfoils and 100 percent (or 0.006) for 2-percent-thick
ailrfoils, with an increase in h/t from O to 1.0. The effects of changes
in the basiec airfoil and in b/c were such that, generally speaking,
reduction in profile area, regardless of position on the airfoil, reduced

cdmin.

The effect of fixing transition at the leading edge of the alrfolls
1s also 1lllustrated in figure 12. The increase in dpdn shown was

usuglly due to an increase in base drag, as well as to an increase in
skin friction. It can be seen from teble III that the effect of increased
Reynolds nunber on the airfolls in a clean condition was to increase

Cdmep This indicates that the transition region was moving forward on

the sirfoil surface with increased Reynolds number because Cdman would

| A
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be expected to decrease with increased Reynolds number 1f the boundary
layer had remsined completely laminar.

The theoretical and experimental ecg i were generally in good

agreement, as can be seen in the correlation plots of figure 13. The air-
Ffolls for which the predicted drag coefficients were slightly higher than
the experimental coefficients usually hed sharp tralling edges (table III).
This is probgbly a result of the shock wave near the trailing edge inter-
acting with the boundary lasyer and causing increased pressures and reduced
drag on the rear portion of the airfolls, as first pointed out in refer-
ence 10. For the blunt-trailing-edge airfoils, the trailing-edge shock
wave occurs further downstream, and the pressures on the rear portion of
the sirfoil gpparently are not increased. The date of figure 13 are pre-
sented as totel-drag, foredrag, and base-drag coefficients for R=3.5><lO6
with transition fixed and R=1.0x10® with the airfoils in a clean condi-
tion. With trensition fixed at R=3.5x103, skin-friction and base-pressure
coeffliclents corresponding to a turbulent boundary layer were used in com-
puting the theoretical Cdmin® With the airfoils in a clean condition at

R=1.0x10%, skin-friction and base-pressure coefficients corresponding o
& laminar boundary layer were used 1n computing the theoretlcal cg n *

That the boundary layer was laminar over most of the airfoll is indicated
by the good agreement between theory and experiment for the foredrag. The
increase in base drag over the predicted values suggests that transition
is occurring near the base, thereby decreasing the experimental base-
pressure ratio and increasing the base drag. Theoretical 'cdmin was not

calculated for R=2.0x10%° and R=3.5x10° with the airfoils in a clean
condition because the location of transition on the airfoile was not kanown.

Reference T shows that base pressures at a gliven Mach number can
be correlated on the basis of the ratlio of the boundary-layer thickness
at the base to the base helght. 8Since the boundary-layer thickness at
the base of the airfolls with trensltion fixed near the leading edge was
undoubtedly different than for natural transition which did not occur
near the leading edge, the bhase pressure with transition fixed would not
be expected to coincide with the base pressure with natursl transition.
That they did not coincide can be seen from tsble II. At R=3.5x10°
the base-pressure ratios for natural transition (airfolls clean) were
higher than those for transition fixed. However, the differences were
not large and the differences were smaller at M = 1.98 than at M = 1.45.
In general, figure 13 shows that errors in the base drag of thin airfoils
do not seriously affect the prediction of the total drag.
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Drag Due Ho Lift and Lift-Drag Ratio

Typical variations of drag coefficient and lift~drag ratio with 1ift
coefficient are shown in figures 7 and 8. The drag curves Were parabolic
and the agreement between theory and experiment was good. The drag coef-
ficient increased with increased trailing-edge bluntness at a given 1ift
coefflcient; the increase occurred at a decreasing rate with increased
1ift coefficlent. The lift-drag-ratio curves were more sharply peaked
for the 2~percent than for the 6-percent-thick airfoils and for the sharp-
than for the fully blunt-trailing-edge airfoils. Furthermore, the 1lift
coefficient for (1/d)payx decreased with decreased t/c and h/t. These

trends naturally result from the behavior of Cdmin and are in good
agreement with theory.

Maximum Lift-Drag Ratio

The variation of maximum lift-drag ratio with airfoil thickness
ratio and trailing-edge thickness ratio is shown in figure 1lk. The asero-
dynamic advantage of very thin airfolls is illustrated by the rapid
increase of (1/d)pgx With decreased t/c for the sharp-trailing-edge
sirfoil in a clean condition at R=1.0x10%® and M = 1.45; the (1/d)pax
increased from 5.8 to 1h.! with & decrease in. t/c from 6 to 2 percent.
The increase of (T./d)max with decreased t/c was larger for the sharp-
than the blunt~trailing-edge alrfoils, and the effect of increased h/t
was to decrease (1/d)pay. The decrease was small for the 6-percent-thick
airfoils and became larger with decreased t/c. The effect of the 4if-
ferent forward profiles and changes in b/ec were generally consistent
with the ¢ results in that reduction in profile area increased

n

(z/d)maxﬂ Increasing the Mach number from 1.45 to 1,98 caused a larger
decrease in (1/d)pzyx for the 2-percent than for the 6-percent-thick air-
foils. It is also evident from figure 1k thaet large gains in (I/d)max
can be achieved by maintaining a laminar bouﬁdary leyer on very thin air-
folls. For the 2-percent-thick sharp-tralling-edge airfoll at M = 1.45,
(I/d)m&X was 1h.4 for the airfoils in a clean condition &t R=1.0x108

and 11.9 with transition fixed at R=3.5x10°.

In order that the varilous alrfolls may be compared on the basis of
both an aserodynamic and a structural criterion, a plot of the variation
of (1/d)pay With section modulus is shown in figure 15. The figure
shows that large amounis of bluntness of the 2-percent-thick airfoils
resulted in large decreases in ('L/d)max but only small increases in sec-
tion modulus. In contrast, large increases in tralling-edge bluntness
of the 6-percent-thick airfoils caused small decreases in (Z/d)max and
large increases in section modulus. These trends would be essentially

J
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the same if structural parameters other than sectlon modulus, for instance,
torsionel rigidity or bending stiffness, had been chosen for comparison.
The results have special significance for propeller designers in that they
indicate that propellers whose blade elements operate at supersonic speeds
should have bhlunt tralling edges for the thick sections near the hub and
relatively sharp tralling edges for the thin sections near the tip. It
should be pointed out that alrfoils designed 4o have the minimwm weve drag
for a given structural criterion (refs. L ang 6) and for the Mach number
and Reynolds number conditions of these tests have smaller leading-edge
angles than the airfoils tested. For the 6-percent~thick airfoils espe-
cially, it is believed that if airfolls with the same structural charac-
teristics but with smaller leading~edge angles had been tested, higher
meximum 1ift-drag ratios would have been obtalned.

The good agreement between theory and experiment for Cla and cg 1
is mirrored in the good agreement for (1/d)pay, shown in figure 16.

CONCIUSIONS

An investigation to provide experimental aerodynamle data at Mach
numbers of 1l.45 and 1.98 on thin, two-dimensional, blunt-trailing-edge
airfolls afforded the followlng conclusions:

1. The serodynamic sdvantage of very thin airfolls was shown by a
rapld increase of maximum lift-drag ratio with decreased airfoil thickness
ratio.

2. TIncreased trailing-edge bluntness of the 6-percent-thick airfoils
caused a small decrease in maximum Jift-drag ratlo and & large increase
in section modulus; for the Z2-percent-thick ailrfoils, increased bluntness
caused a large decrease in maximum lift-drag ratic and a small increase
in section modulus.

3. The importance of maintaining a laminsr boundsry layer on very
thin elrfoils was shown by the decrease of meximum 1ift~drag ratio from
144 to 11.9 caused by fixing transition at the leading edge of a sharp~
tralling-edge 2-percent-thick ailrfoill at a Mach number of 1.45.

4, The effects of different Porward profiles and changes in boat-
tailing were such that, generally, any reduction in profile aresa reduced
the minimum drag coefficient.

5. The center of pressure of the airfoils moved forward with
increased thickness ratio and aft with increased trailing-edge bluntness.
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6. Available theoretical methods were adequate for calculating the
1ift and pitching moment of the airfoils under all conditions of the test,
The theoretical methods for calculating foredrag and correlation curves
for estimeting base pressure were adequate for predicting the total dreg
when the position of transition was kunown. :

Ames Aeronguticel Laboratory
Naetionsal Advisory Committee for Aeronsutics
Moffett Field, Calif., Feb. 8, 1954
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TABLE I.- ATRFOIL ORDINATES

NACA TN L4039

[Sstations end ordinetes given in percent of airfoil chord]

Upper and lower surface
NACA 16-00k4 | NACA 16-004
Station h/t=0 h/t=0.3
Ordinate Ordinate
o} o} 0
1.25 43 43
2.5 .60 .60
5.0 .83 .83
7.5 1.00 1.00
10.0 1.17 1.17
15.0 1.37 1.37
20.0 1.57 1.57
30.0 1.80 1.80
4o0.0 1.97 1.97
50.0 2.00 2.00
60.0 1.93 1.93
T0.0 1.75 1.75
80.0 1.%0 1.40
90.0 .83 1.00
95.0 Y .80
100.0 .03 .60
L.E. radius: 0.078
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TABLE II.- LIFT, DRAG, AND PITCHING-MOMENT COEFFICIENTS AND
BASE PRESSURE RATIO FOR ATRFOILS TESTED
(2) Besic airfoil: Biconvex to ¢/3, t/c = 0.02
(1) b/t = 1.0, bfe = 0

R=3.5x10° Re3.5x10° R=2.0x108 R=L.0x10?
" <, Trensition fixed Alrfoil clean Mrfoil clean Afrfoil clean
a
ey | ca €3 [Po/P| 1| cm ¢d Pb/P| ©z1 | Cm fa [ppfp| €1 | ca ca |pp/P
1.5 0 {0 0 0.0139 [0.45]0 o 0.012010.50(0 - o 0.0113{0.51|0 o] 0.0102 [0.55
.5| .030]| .0007 | .0139| .46} .031| .0003| .0123] .50| .032| .o0Ok}| .0117| .51{ .03%| .0005{ .0109| .53
1.0] .063] .0008 | .01k6| .M6f .064| .0003 | .0231) .50| .065| 0005 .012k| .52 .067| .0003| .0116] .m2
1.5 .100{ .0008 { .0162| .56} .099| .000k | .0165} .%1| .100| .0005| .01h9| .%2| .1ok| .c003| .olli2| .%e
2.0| .135] .0010 | .0183| .46| .135| .o000k| .0168| .%1] .136| .0005f .0199] .5e| .1k} .oo0l| .q162| .72
3.0{ .207| .0020 | .c246| k6| .206] 0011 | .0228} .51 .207| .0006] .0223| .52| .215} .0008| .0c217| .53
k.ol .28k .0038 | .0338]| .L6] .280| .002k| .031T| .51 .283| .001T| .0311| .53 .29k| .00e3| .0%2Lk| .55
5.0| .362} .0065 | .0k60| .43[ .357| .o0k0 | .OL34| .52| .358| .0032| .cke8| .5k .373| .0037| .oh29| .5T
6.0] .kik| .0093 | .0609( .b3| .%k38| .006k | 05861 .= | .438| .0057| .o570] BB|- - =} - = -] - - 2] =T
1.98{ 0 |o (+] ook} .38]o 0 .0082| .36{0 0 L0071 .4T|0 0 L006h | .59
.5 .018{ .0001 0108]| .37 .01T|0 .008k| .36| .018] .0003| .00T2| .46| .ce0| .0003| .0065] .5T
1.0{ .038| .0001 0108 | .38( .038{-.000L}| .0085| .36| .039| .0003| .007T! .U5| .00} .0003| .0069] .56
1.5{ .0%| .0002 0116| .38| .0%81{-.0001| .0092( .36| .060| .ocook| .0083| .4s5| .060f .0005| .0079| .56
2,0 .081} .o002 | .0128]. .079(-.0001 } .0105| .36| .08L| .000k| .0099] .b5| .08L| .0005| .0093| .55
3.0] .124] ,0003 | .0168{ .38| .121{-,0001 | .02k1] .36| .12k]| .c00k| .0135} .45| .128} .0011| .0127{ .56
k.of .167] .0007 | .0218| .39| .16k | .oo0ck| .019k| .37| .168] .0003| .0189| .kk| .171} .0011| .0182] .57
5.0{ .211} .0009 | .028%] .39] .206| .00l0| .02%9| .37| .210] .000%5| .25k} .&5| .215f .0011! .02kT| .%9
6.0f{ .254| .00lk | .0369[ .39| .250| .0o010| .03kk| .37| .253| .oo11| .0339} 46| .260| .0016} .0337] .
8.0f .342| .0028 | . kot .336] 0021 | .0589| .39| .3ho0{ .0020{ .0554| .LT| .34%| .ooR1| .O54L| .62
10.0{ k34| .ooke | .0846| k2| 423} .0030( .oheh| .ko| .L26} .0028| 0830 k8| .33} .0037| .0B26| .61
12.0f .52 | .0065 | .1213) 43| 5121 .00ko | .0830] .k1| .S5ik} .00kS5| JILTL| .hg| .531| 0036} .1199| .57
k.0 .619] .0088 [ .1650| 47| .608} .0065 | .1603| .k2| .615) .0061| 1615} 46| .635| 0075} .16%5| =
16.0f .739] .0086 | .22k2| .52 .716} .0093| .2247| k1| .726| .0087( .2170| .43| .7h5| .0096| 2220 BT
180}~ = | = = = | = ww} e a]e e efm e e n o] o] .850] .0150] 2863] JB|- - o - 2 - e . | - -
(2) v/t = 0.6, b/ec = 0.05
R=3.5x10° R=3.5x10% Re=2.0X108 R=1.0x10®
X a, Transition fixed Airfoil cleen Alrfoil clean Airfoil clean
de,
€l ez | em cq /| Sz} eam €d [Pofp| ©1 | om ¢d Pp/P| ©1 | cm ca |Pp/P
1.ksl 0 |0 lo 0.0117}0.38 |0 [¢] 0.0096 [0.55 |0 o 0.0098 [0.LkTi0 [o] 0.0099]0. L7
.5| .028| .0009 | .OLLT} .38] .032] .0009} .0098] .55]| .032| .0008] .010k| .54} .033] .0003{ .0105] b5
1.0{ .06k| ,0009 | .0124] .38| .06%| .0010} .0105| .55| 065} 0008} .0109{ .54| .068| .0003| 0108} k6
1.5| .097] .001k | .01hkof .37| .097| .0012}..0127| .55| .099| .0009| .0i25| Ju%| .103| .0020| 012k k6
2.0{ .132| .0015 | .0159{ .37} .131]| .0OL4| ,0Lk1| .53| .132| .0020] .Olb4| ih| .1k2| .0010| .O0L43| .49
3.0} 20| 0027 | 0221} .38| .201f .0023} .0200| .53] .205] .0018| .0207| 46| .21k{| .0016)| .0199| .62
L,0] .277| .0OKT | 0309} .39| .2T3| .0037| .0288| .53) .278] .0033| .030%} .54 .290{ .0033| .0293| .6T
5.0] .3%2] 0075 | .ob2T| .39[ .349| .0056] .0HO3| .53 .35k| .o0lT| .OBO3| .60| 366 .00 | .okos| .69
6.0 .430| .0105 | .05TO| b1l .he5| .0082| .0548( .53| k33| .0080| 0550 60|~ = =| = = =| = = <] = =
1.98] o |o [¢] 008! L2 |o o] L006L4] 1o o .005T | .63j0 o .0050| .67
5| 019} 0005 | .0083] - -] .019{ .0004| .0066( .hi} .019]| .000k} .0057| .63] .20} .0008| .0050| .68
1.0| .039| .0006 | .0086] .k2{ .039] .0O0OL| .006T| .kL} .oko]| .oco0k| .0060| .63} .OhO| .0008] .0055| .67
1.5| 059} .0008 | .009k{ k2| .058| .0006! .0075) k1| .060] .0008| .0068| .63] 061 .0011| .0059| .6T
2.0] .081 .0008 | .0103] .k2] . .0005| .0087| k1| .082| .0008( .0081| .63| 083 . .0072| .67
3.0| .123} .0010 | .01k} .L2| .122]| .0010| .0l2h} k1| .123]| .0011| .0116] .63 .126] .0021| .0108| .67
k0] .165] 0016 | .0191] .Lk3| .164] .0015f .o1TT( .%1| 266 .0017| .0169) .82 .1T2| .cCRS| .0164| .66
5.0] .207| 0020 | 02561 .43| 206] .0020| .cel2| 2| 207} 0021 .0235] .62 .212| .0027| .0228( .65
6.0} .250] .0029 | .0341] 43| .248) .002k{ .032h| .L2| .25L| .0025] .0320} .60{ .2%6| .0033{ .0313| .65
8.0| .336| 0085 | 0549 kk| ,335[ .ook2| .0532( .Mk| .336] .0043] .0530| .59 .31 .0055] 0519 .62
10.0f .h23] 006k | .0820| 46| .h20[ .0059| .080k| k| k19| .0060| .0797| .56| .431| .0070| .0802] .55
12,0 .512] 0085 | . 481 .508] 0080 .11h3| L2 . .007T! .1138 % .52T] .0088 | 1163 .49
14,0} . 0102 | .1585] .=} . 00991 1567 b1f . L0097 15721 . .633| .0109 | .1626] .43
16.01 .71T| 0158 | .2139] .5T7{ .Til| .0129] .2107{ .ke| .T1T| .0126] .2122| B4} .7h1l| .0239] .2177| MO
18.0} .832] .0220 | .2795| .63{ .832| .0189] .2786] .50| .838| 0179l .280h} .h6| .871] .0189} .2890! .ho
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TABLE IT.- LIFT, DRAG, AND PITCHING-~-MOMENT COEFFICIENTS AND
BASE PRESSURE RATIO FOR AIRFOILS TESTED - Continued
(a) Basic alrfoil: Biconvex to ¢/3, t/c = 0.02 - Continued
(3) B/t = 0.3, b/e = 0.05

Ra3. R=3.5x10% Re2.0x10® Rs1.0x10%
. e, Transition tixed Afrfoil clean AMrfoil cleen Afrfoil clean
de
gczem g |Pn/P} c1 | om ) ca |PpfP} c1 | em | °a [Pb/Pl ¢ | o | @ [RppR
145 o |[o 0 0.009510.59 [0 *jo 0.007510.56 jo [o} 0.0070 l0.52]0 o 0,0077}0.49
.5] .031] 0010 | .0096] .59] .031| .0010{ .0078] .56] .031] .0009| .co74| .51 .036] .0008} .0cO8L| .LB
1.0] 065} o001k | .o102] .59 .064| .0013| .008k{ .57| .065| .0013] .0081| .| .068( .0016] .0090| .48
1.5{ 098] .0022 | .07} .60] . .0018! ,0098] .57 .100| 0020} .0096| .53] .10%| .0021| .0102] .51
2,0| .133[ 0027 | .0137| .60] .131] .oo22( .0118{ .57| .134| .coelk| .0015| .33| .1kL| .0029| .0110] .72
3.0 .201] 0045 | .0u97] .59{ .201] .0035] .0177| .59| .20k| .0036| .01T6! .55 .21%| .c0k2| 0277 .78
k.0l 274 0070 | L0285 62] .272| . .0261) .60] .277] .0056} .0260] .66) .289) .0066| .o264) .78
5.0] .349| 0103 | .0390| .6L] .3k7| .00Bo| .0378] .61} .3%} .0082] .0377! .67) . .0092 | J038T] 7T
6.0] .le6) ,0138 | .omkk] 661 .42k} ,0113] .0%23| .62] A28 .0115] 02| 66)~ ~ n] e @ =]~ - o] - -
1.98] 0 Jo 0 L0077 L9 lo o L0053 .h'r’c ook1| .78|0 lo .0050| .8k
5| 019] 0030 | .0078] 48] .020| .0001] .0055| 46| .019| .co04| .00B3| .TB| .021] .000B| .00N2| .8k
1.0{ .039| .0006 | 0080 .u8| .oko| .0003| .cOBT| L6] . .cook| .oouT| .78] .OM1| .0008| .o0LS| .8k
1.5{ .060] .0009 | 0089 k9| .061( .000B| .0064| .4T{ 061 .0009| .005k| .7T| .064| .0016| .0082| .84
2,0 .081{ .0010 | .0x00| .hg| .082| .0009| .0OTS| .48{ .082| .co0Q| .0068| .T6| .08L| .00L8| .0068| .83
3.0] .123} .001T ] .0135] .o} .124 .oox2| .0110| .30| .126} .0015[ .0105] .74] .127] .o021] .010%) .81
k.ol .165] 002k | ,0086] .9} .167| .00LT| .0160] .51 .168] .0023] .0158) .T3] .1T1] .003%| .0359] .80
5.0{ .213} .0033 | .0257 .hg| .209] .ocez| .czeu| .m2| .211{ .0029] .022%} .70f .21hk]| .0O38] .0225| .76
6.0] 249} ookl | ,0333] .kg| .253] .0029] .o0307| .54} .255] 0037} .0308] .69] . E{ .00ho | .0307] T%
8.0] 334 (0063 | .0538] .Wg| .338) .oohs| .0513] 58] .3kO| .00%6| .ose1l| .6k .3k1| .0069] .0517| .69
10.0| .¥19] .0083 | .0807{ .%0] . .0060| .0780§ .51] .Le3| .006%| .o7TTT| .38§ .430] .0088| .0762] .62
12.0{ .507] .0108 | .1147| .80§ .510| .0080| .1120| 48] .511] .0083| .1122]| .=2| .%29] .0105] .1138] .59
14.0) 5981 .0137 | .1%60| .33] .592) .0095| .1513] .U5| (611 .0098| .15%8( .h7l .633] .0132| .1626] .53
16.0| .701( .0190 | .2092f .57| .705| .0121| .2063| .42] .720| .0le5{ .2102) .43] .Th2! .0163] .2178] .1i8
18,04 .813] 0253 | .2723( .59] .8kl .0178| .2729 45| Buk| .0172] .2786! .43] .867] .0229] .2862; kb
(%) b/t =0, bfc = 0.05
Ra3.5%108 R=3.5x10° Re2.0x10°® R=l.0x10%
M da’ Trensition fixed Adrfoll clean Alrfolil clean Adxfoil clean
&
& c1 Cm < fl o Sm ca pwfl 1 cm ca pb-/p ¢l cm ca Py
14550 o lo.0075 |- —|o 0 0.0071|~ —|0 o 0.0058} ~ ~Jo 0 0.0052]|~ ~
5 P.O?,l .0011 | .00T8]— -} .030]| .0012] .00Thj— —! .029; .0020) .0060~ —| .0307 .000B| .00BT|~ —~
1.0 .067| .0018 | ,0087|~ —| .065] .0016] .0081|~—| .067| .0018| .0069f~~| .070] .0023} .006%|~ ~
1.5} 097} 0022 | .0099]~ —=| .097]| .0020} .0095j~ —~{ .096] .0020| .0081}— — 092 0025|0075~ ~
2.0] .132| .0033 | .0121|~ | .130} .0027| .0113|~ -] .130{ .0028| .0102]~ —f .134] .003R| .0099]~ ~
3.0] 201 .0052 | .0179j—~ —| .198] .o043| .0271)~ ~| .199} .00%3| .0162|- ~| .20u| .o00L8| .0156]~ -
L.of .213] .0080 | .0266]~ —| .269| .0083] .0255|~ ~| .270] .0063| .02W|- ~| .279] 0071} .o2hk|- ~
5.0( .347| 021k | .0381|~ -] .3h2] .0091| .0366]~ ~| .3%6} .0088! .03=8|- ~| .359| .0101] .0360)~ ~
6.0 .hok] .015k | L0522~ ~! .118| .0126( . ~—| D21l ,o12h] 0502~~~ — =] = ~ =] == |-~
1.98/ 0 o 0 0064~ ~j0 0 .oou7—-p 0 0040}~ ~ O [ L0041 |- ~
5] 0181 .0007 | .0066{~ ~| .018] .0005| .00u9|~ ~| .016] . L0041~ ~] .013} .0005]| .0037]- -
1.0 .ok1l} .0009 | .0070}~ —~] .Ok1| 0008} 0051~ ~} .OLL} .0012} .00uS|— ~} .03T| .0028] .0OhLI- —
1.5| 060 0011} ,0078|~ ~| .058] .0010} .0059}j~ ~| .057f .0013] .0053|— ~{ .058] .0016] .00SL|~ —
2.0f .079| .0015 | 0089~ ~| .0781 .001k| .0070{~ ~| .O78| .0020| .006hk]|— | .078] .0026| .0059|- —
3.0} .122{ 0021 | .0123|~ ~] .120| .0019| .020h4|- ~| .228] .002hk| .0096|- -} .120] .cO34| .0090}- —
k.ol .163| .0030] .0173]~ ~| .261] . 0154 |- ~| .161] .0030] .o1k8|— | .263] .00L2| .OL4B |~ —
5.0| .205| .0038 | .0236|— ~| 203§ .003%§ . - -} .203| .0039] .0211f— —| .205} .00kg| .0205 ) —
6.0} .247) .0050 | .0317f— ~| .24h| .0Ok3 | .0298}— —| .24h| .cOMB| .026k|- —| .246] .0061] .0287 |- -
8.01 .332f .00T2 | .0522|— ~}| .329| .006L{ .0503[- -} .332| .0065| . — -] +332] .0032] .0k9L{~ ~
10.0} 4151 .009% | .O78W - ~| .412] 0081} .0768|- - .ug oosz L0764}~ —] .B29] 0104 ] 0762 |- —
12.0} .301| .012)1} .1I117}— —| 99| .0102] .1200|- -] .s0k| ,0100| . - =} 5185} 0119 .1115#-
14,01 593} 0150 | .1529j— —| .589| .012%; 1508 -} .601] .0123] .1530]— ~| .61B| 0143 .1%8)- —
16.0| .697) .0201| .2056]— -] .691} .0161| .2022{- ~| .709| .0157] .2067]- | .730} .0177] .22} -
18.0} .808[ .o0271t . - —| .807{ .0234] . — =} 827 .0227] 272k~ —{ .849} 0281} .2776]- -
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TABLE II.- LIFT, DRAG, AND PITCHING-MOMENT COEFFICIENTS AND
BASE PRESSURE RATTO FOR ATRFOILS TESTED - Continued
(a) Basic airfoil: Biconvex to ¢/3, t/c = 0.02 - Continued
(5) h/t = 0.6, /e = 0.33

R=3.5x10% R=3.5x10% R=2.0x10°% R=1.0x108
Trensition fixed Alrfoll clean Airfail clean Airfoil clean

¢ [ em | % jwie] o2 cp | ca ey | cm | ca bl ei [ em [ ca o

o
o /
® -

.45 0 o .0109 10.38 o 0 Q0090 .50 0. o 0.008% 0.5k O o p.ooae D.52
.032| .0007| 0112 .39 .033| .0007| .0093} .51| .032( .00k | .008T| .53 | .033| .0008
.067] .0010| 0118 .39 | .066| .0009] .0100} .51] .086| .0009| .0092! .53| .067| .0011| .cO91 | .52
L1017} .0015| .0138 | .39} .099| .0012| .011k| .50| .100| .00X1| .0116| .53 | .10%| .0016| .0LO3 | .52
.135{ .0020} .0155 [ .39 | .133} .0016 .0136| .50} .13k | .001k | .0128| .5k .141| .001T| .0125 | 53
.207| .0033| 0218 | 4o L0027 | L0197} .50 .205 | .0024 | .0189| .5k} .215| .0026] .0189 | .5k
.281| 0056 | .0307| .bo| .275] .cOk3 | .0283 | 50| .279| .0038| .0278| .55 | .291| .0Ok5| .0276] .59
.358] 0084 | 0426 | k1 { .3kg| .0063 | .0397] .51 .356 | .0060 ] .0397| .57| .370| .0066| .039% | .66
38| L0116 0575 | k2| JLe8f L0091 | L0545 | 51 k34| L0089} .o5uk ) S8l = —m ==} == -1 ——

008L | b1 p 0 0063 | .36 0 .
0084 | b2 | .o20| L0003 | .0065 | .36} .020 . .
. .oho| .0003 [ .0068 | .36 .02 .0003 | .0065] .47 | .0k2| 0003} .0060 | .5%
0095 | k1| .061{ .0005 | .0070| .36| .062[ .0008 | . 18
.082) .0008] .0106 | .41 | .082] .0006 | .0088{ .36 .08k | .0008 | . . .
.12k | L0012| L0143 | 41| 224 ] L0010 ] .02k | 37| .12T| .0011| .0120]| .58 .129] .001L| .0115 | .60
L1687 | .0018| .0193 | .41 | .166] 0015 | L0176 .37) .269| 0017 | 0270 | .59 | .1TO| .0022] .0166 | .62
.1 | .208| .0020 | 0243 .38| .210} .0038 | .023T( .56 | .215| .002k| .0236
.253 ) .0031]| .03%3 | .k2 | .251| .0026 | .0326| .39| -255] .0025 | .0323] .60| .258]| .0030]| .0319| .63
. . .337| ookl | .0536] .39| .339( .00k1| ,0636} .58 | .34k| .0051| .0530 | .62
23] .0066 | .0823 | .43 | .b22 | L0056 | .0808 | .39 k24| .0055 | L0806 .56 431} .0068) .0811 | .55
512 | 0087 | .116T | .45 {510 007k | L1150 | 40| .513| .007h | 1253 EZ 5291 .0084| 1179 | .51
.605 | .0113 | .2590 | .47 | .602 | 0095 | .15TO | .39 -6 009k | . . 16
.71 { .0160 | .2128 | .50 | .708 | .0128 | .210% | .39 | .T22} .0126 | .2221| k1| .7h2| .onk1 | .2268 | bk
.82k | .0219 | .2T70 | .56 | .82% | .0195 | .2767 | .41 | .8k1 | .018% | 2814 | .5T| .B66| .0198 ] .2879 | k1

O\\.ﬂ-lﬂ'?ll.\)l-'l-' Q
cocoQowvow

1.98

IR
CO000QO0OO0O0OONONM
.
.
.
0
(o) o]

BRFRBmovrwnpr o

(6) b/t = 0.3, b/c = 0.33

Rw3.5x10% R=3.5x10°% . R=2.0X108 R=1.0x10%
Transition fixed Adrfoil clean Airfoil clean Afrfoll olean

cn ca po/p} c1 [ en cg [Po/?] ey [ cm ca

0 0 0.008k .58 P 0 0.0082 [0.56 D o b.00T1 0.5k o 0 0. 006k (0,46
.032] 0010 | .0086} .57 .032] .0008 ] .0085 | .56 | .031]| .0008 | . 55| .033| .0005 [ .00TO | .45
.065 | ,0015 | .0091| .57 | .06%| .0012 ] .0092 | .56 | .06k .0010 | .0081 .55 .06T7] .0013 | .coTT | .45
.098| .0020| .0206 ] .58 ] .09T| .001T| .0105 | .57 | .09T( 0036 | .009k | .55 | .101| 0028 | .0092 | .45
132 .0026 | .0126| .58 | .131] 0022} .0126 | 5T .132| 0020 | .0113| .57 | .137| .0019 | .0110 | .k6
.201{ (0043 | .0185[ .58 | .199| .0036 | .0185 | .59 | .199| .0032 | .017h | .62 | .20T | .0030 | .016T | .61
.273 | 0067 | .0272| .60 ] .271] .0058] .02T2 | .60 | .272| .00k | .0259 | .65 | .281 | .0052 | .0253 | .77
.347| .0098 | .0388 ) .61 .342| .0080 | .03685 | L61 | .346| .0072 | .0373| .64 | .359| .0078 | . T8
ko5 L0526 | .62 J423| L0102 | 0519 65 fm e | =~ = ] — = | — -

£a
[¢]
S
0
B
[z}
=Y
o
0
K

1.45

. L)
ooocoouo\Wu
.

&
$
5
g
p
E

1.98

.
Q
]
~

-0081 | -o79h | k9| .413| 009 | .0783 'fs( k2

- 1109 | .51 |.519 | .0l05 | .1 | .
.0134 1.1531 | .51 .592] .01k 596 622 |. %8
,0181 | .2053| .55 | .678 | .01k9 | .2001 { .45 | .TO | .0150 | .207h | .43 |.731 | L0171 | .2139 | .h5

. 806 2689 | k51 .823 ) .0215 | .2736 | .B3 | .851 | .0236 }.2813 | .43

cocoobooooboooowUmow
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TABLE ITI.~- LIFT, DRAG, AND PITCHING-MOMENT COEFFICIENTS AND
BASE PRESSURE RATIO FOR ATRFOILS TESTED - Continued
(a) Basic airfoil: Biconvex to c/3, t/c = 0.02 - Concluded
(7) n/t =0, bfe = 0.33
Rej.5x10° Re3,5x00° R=2.0x30° R=l.0x10°
" dG, Trepsition fived Aixrfoll clean Airfoil clean Alrfoll oleen

e,
Bl c3 | em eq fopfh 3 | em | eg o c1l em | ca |pus] 1 | o °a opk

.51 0 fo 0 0.0068{- ~[0 ( 0.0061(- ~|0 o 0.0055|— ~o 0 0.0052f — —

5] .030] 0000 .0070{— ~| .031] .0009] .0062]-~f - -} .0020| .0059}— —| .028] .00CB| . -
1.0§ .063]| .0015] .0076]— ~| 063 .0016] .0070}— ~! .062] .0016| .0062|- ~{ .066] .0016| .0053|—~ ~
1.5 .097] .0022] .0092{- ~| .097{ .0021| .0085|—~—{ .O9%| ,0019] .00TT|— —| .100] .0021} .0069|— ~
2.0l .1230| .0032] .01il2|— ~} .130} .0028) .0106[- ~| .130] .0026] .009T|— —| .135] .0029] .0093}— ~
i.o 200} o048} .017i|—~| .199] .0039| .016%{- ~] .199] .0OMO{ .015T|(— ~{[ .207( .0OL5| .01%52]— —

0] .271] 0072} .0256{- ~| .270( 006k} .0251]|~ ~] .271} .0058) ,0243|— -} .282{ .0068 | .O2hl|— —
5.0f .345) 0104 .0369|- —~| .342} .0089| .0363|— ~| .3us5| .0082] .035T|- —| .360| .0094 | .0359{— ~—
6.0| .120| .01h5| .O511[- ~| .b19| .0127| .0505(— ~| .B2l| .OL1&{ 0501|= ~|- = —| = = —| = — —=|——

1.98{ o |O o oo6zl-~Jo o .0046{~ —|o 0 .oohz—-b o 00LO|— ~

5] .019] 0005 0063}~ ~| .019] .c0on| .0088{— ~| .020f .0007| .00K5({— ~] .OLT] .0003 | .OOLO|—~ ~
1.0{ .okl .0009 .0068[-- 039} .0007| .0052|— ~} .039] .0010} .0O4B|— —| .038} 0011 | .OOU3|— ~
1.5] .061] .0009] .0076]-~| .060| .00OB] . - —| 089} .0012| .005T|-~] .061| .,001L] . -
2.0| .082] .0o01k| 0088 ~| .080}| .0022| .0O0TL|— ~[ .079| .0018| .006%|— —| .08 .0016 .0070|— —
3.0[ .124( .0019| .0122|- ~| .121] .0026} 0106~ ~| .123] .0021] .010%|- —{ .121| .002% | .OLOM}— -
L.0| . 0026} 0173}~ ~| 163} .0023| .0157]- ~] .265] .0026] .0156 |- ~| . .0032 { .0156{— —
5.0] .208]| .0o34] .0238|- -] .20L | .0030] .0221|- —~{ .206] .0035| .0221|— —} ,210] .0038 | .0221]— —
6.0] 2501 0045} .0318]- ~! .24s5] .o0%0) .0301}- ~] .24k9] .OOWL| .0303|- ~| . 0053 | .0299|— ~
8.0| .336| .0058] . - ~| .328] .0053| .0505|- ~| .334| 0060 .0508|— —| .3k1 [ .COT2 | .0511|= ~
10.0| .k20! 0090} .0792|- - .B11{ .00T1{ .0766{— ~| .h16} .0080] .0772]— ~| L2k ]| 009k | . -
1e.0{ .%ok | .oxoh] .112%)-~] .Lo8| .008g]| 101}~ ~] .503] L0096 | 1110} | 522 | 0209 | JL13T |-~
14.0| 596} 0126 .1538]-~] .588 | .0105 .1508F— W.601) .0120{ .1535{— ~1] .625 | 0138 | J1%90|— ~
16.0| .702| .016%| .2069 |- ~{ 691 .02%0] .2026|- ~} ,707] 0156 .2067|- -] .39} .0LTO| .1765|— ~
18.0| 815 .0239 .2715[- 806 .0197) 2669} ~} .826} .o222| .2726|- —| .859 ] .02RL | .£81T|—~ —

(b) Basic airfoil: Biconvex to c¢/3, t/c = 0.0k
(1) n/t = 1.0, bfe =0
Re3.5xi0° Re3.5x10° Re@ . O10° R=l.0x10°
" o, Traneition fixed Airfolil clean Alrfoil clean AMrfoil clean
de,
) ¢y | cm | ©a |Poe| et | cw | ca o] e | en | ca [pw/P| c1 | en | Ca [P
1.ks10 o o 0.0258 ] 0.51]0 o 0.0235/0.51 0 0.0230(0.50 [0 0 0.0222 [0.53

.5] .035] .0013| .0s60| .31| .034| .0013( .0238| .51| .03k .0O13{ .0236¢ .50| .038{ .0010{ .0229| .53
1.0} 0681 .o02i| .0274| .51} .068{ .00i8| .o2k7| .51| .069| .0018| .02Lh| .50| .OTh| .0021| .023T| .53
1.5 .104] o029} (0293 ] .51 .100] .0022] .0264k| .51} .105| .0025{ .0263] .50[ .11l L0028 .0261f .52
2.0l .1bol| .co3k| .0316| .5:1| .136| .oces| .c286| .51 .1k0| .0028( .0286] .50( .150( .0031| .0280| .
3.0| .212] .00%L{ .0381 | .51 .206{ .0038| .0330{ .51} .211| .00M5} .0350| .50} .228] .005k| .0356) .R
i.o| .80 .c077] .oh2| .30| .283] .00fe]| .okko| .%2] .289| .ooT2| .0W43) .%1{ .305| .0088| .OL43| .58
2.0 .3660 .0100| .0587 | .51] .362] .009h| .0560| .5 .36T| .0102| .0562( .53(- - -} - - -} - - =} -~
I3 PR AU BRI G RIS S e I A I BT B CEEIE R A Bl Il

1.98j0 Jo o 0.0179 | .37]0 [+} 01471 - -{0 (o] .01hk| - -0 (o] o140} - -
5| .018] .c006| .0183 | .36 .c28| .co05| .c150] - -| .019f .0007]| .014T} - -| .015] .0003] .0LL5| - -
1.0} .039| .0006| .0187 | .37| .039| .000T} .0255| - -} .039[ .o0l0} .01%2| - -} .035| .00O5| .OLUT| - -
1.5] 061} .0008| .0197| .37| .060| .0008] .0165( - -{ .061{ .0012| .0264f - -1 .038] .0016} .016R] - -
2.0l .og2! .coio{ .ce10| .37 .080) .0009] .0277| - -| .080] .0022} .0177] - -| .0BO] .0026| .OLT2) - -
3.0] 1261 .0015] .o2b7 | .37] .123]| .0013| .0215] - -| .123| .001T| .021h} -~ ~f .12B| .0021| .0211{ - -
h.0] .170] .0022! .o301| .38| .166| .0023| .0266| - - .167| .0025( .026k{ - -{ .168] ,002%| .0266] - -
5.0] .216| .0028| .0370{ .38| .210{ .0026| .0334| - -f .213| .0028 .0334f - - 219} .0032| 0337} - -
6.0] .259] .0035] .olss | .39} .253§ .0035] .oh1g| - -| .235| .ooko| .0B18{ - -| .260| .o0kO[ .O0M23| - -
8.0| .346| .00%6| .0668| .ho{ .3k0| .0051] .0631f - -| .345] . .0638! - -1 .351) .0062) 06K - ~
10.0| .kk7]| .0078] .095% | .4e| k30| .co69| .0017] - -| .h3h| .0076| .092k| - -| k50| .c083{ .09u6) - -
2.0 .5ag| .0105] .1311) bj- - -] - - =) - - -] - -] .5e8| .0096] .1290} - - .5 | .0L08) .1336{ -~ -
wole 22 -2y o2 2] -a]e o] ==~ =~-=-]|-~ .633{ .0033] 2758 - - .66k} .0156} .183B| - -
L PR B B e A e e T R B I Tt oI EENCIES SRS B
D e P e e S e S T I P IS ) B LT S B Bt
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TABLE IT.- LIFT, DRAG, AND PITCHING-MOMENT COEFFICIENTS AND
BASE PRESSURE RATIO FOR ATRFOILS TESTED - Continued
(b) Basic airfoil: Biconvex to c/3, t/c = 0.0% ~ Continued
(2) n/t = 0.6, b/e = 0.05

Re3.5x10° R=3.5x10% R=2.0x108 R=1.0x10%
X @, Transition fixed Arfoil clean Alrfoll clesn Airfoil clean
de,
8 € | Cm 3. |Pp/P| 1 | Ca ca [m/fp] C1 | eg g (Pp/P| °7 | om cq
1.5l 0 o o] 0.0233 [ 0.51 0 0 0.0210(0.56 [0 [o} 0.0192{0.63}0 0 0.0184
.5 .034| .0018f .0237( .51| .034[ .0018| .ce15({ .56{ .034| .0016] .0200| .63| .033] .0019| .0191
1.0{ .067| 0032 .c2hg9| .5r] .067| .0026| .022k| .5%) .066] .0028| .o212| . L0661 0026 .0201
1.5 .102| .00k2| 0268 | .51} .103{ .0035| .02h3| .55 .101| .0035| .0232] .61| .105| .0ONT| .03
2.0 .137( .0051| .0289 | .| .136] .00kl| .0263] .55( .136| .ook7| .ces4| .59] .12 .0053| .ce51
3.0| .212| .007T| .0354 | .53 .209] .006k| .0326| .56| .208] .0068| .0319} .%0| .218| .0079| .0325
4.0( .288} ,0107| .okho | .55 .285| .009k| .ok17| .57| .28%| .0103] .okio| .59| .298} .0126 .0k19
2.0 .36k| .0138} .0554 57| .363] .0135| .0538| .57 .358| .01ks5] .0%26] .59 .375| .0176) .0518
B e B T B e B B B S IR Ny R PRy R S,
1.98|1 0 |o 0 015 | .kljo 0 .0135] k2o (o} .0123| .55(0 (o] .OL1k| .61
-5| .018| .0009| .0160 | .ko| .020| .0020{ .0137] .h2{ .018| .0010] .0126| .55 .018( .0008] .o11k} - -
1.01 .038| .0013} .0164 | .ho| .oko! .00l2) .01ko| k| .039[ .oo1k] .0130| .55| .038{ .o018| .o119} - -
1.5] .059| .0019} .07 | .ho) .061| .0015] .0151| k2| .061| .o020f .01h1| .54 .oée| .o027| .0132] - -
2.0} . 0019 .0186| .hko| .082] .0018] .0163] .ir| .o82| .ocel| .o15k( .53| .082| .ooe7| .o1k5| - -
3.0y .122| .0028{ .0223 | .41} .125{ .0026| .c202] 41| .124| .oce9| .0193| .%2| .126| .0037} .0183| - -
L.ol .165| .ooko| .o27h | .h1| .167| .0038| .0ee| .k1| .168] .ool2| .cehks| .51f .171] .00%6| .0R36| - -
5.0 .209| .0050) .03ko | .kI| .212] .00%0| .0319] .k1{ .213] .0051| .01%2| .k9| .216| .008s| .0306| - -
6.0| .2%53] .0063| .ok2hL 255 .0057] . 256 .006%] 0397} .4g| .258] .0075| .0390| - -
8.0] .3k1| 00838} .0635| .43)1°.3%3| .0081! .0616] .M | .3b1( .009k| .oGo7| . 3451 0110 . - -
10.0{ .k30| .009k| .0912 | .43| .k30| .0108] .0895| .41 .he7| .0138| .o88L| .u7| .53 0138 .0900| ~ -
12,0} .518] .0128| .1258  .k9| .me1| .0138] .12k6| .Mif .ses5| .o148| .12%2| .u7| .=39] .o17% 1273 - -
WOfa = = e e ef - oo — o w b oot oo o - - B2k! .0193] .1703] .45| .6lg| .cees| .1763 - -
B.0f « wf = = o) oo of male el oo - o - of L735] L0259 .2276] 43| J761( .c201] .23%| - -
1B80j~ - =) = - | cca} ccm e} e —ea}--]| .8 .0330) .2973] h2f- - -] - - -] - - -} - -
(3) b/t = 0.3, b/e = 0.05
R=3.5x10% R=3.5%108 R=2.0x10°% R=1.0X10°%
M a, Trensition fixed Airfoil clean Airfoll clean Airfoil clean
deg
¢ | em ea || 1| cm Ca [P/ C1| cm s |pu/P| 1 | cm ca
1.451 0 |o 0.0204 { 0.39 0 (6] 0.0178 {0.51 [0 [} 0.0161 [0.62|0 o j0.01kT
.5} .035| .0025! .0209 | .Lo| .o34] .o019| .0182] .50 .032| .0019| .0167| .62| .034| .0021| .0155
1.0 .070| .0038] .c221} .ho| .066| .0030] .0192( .50] .066| .0033| .0376| .62| .0TO| .003T| .0165
1.5| .10k .0050{ .0237 | .4o| .100| .0o0ko| .0208| .50| .1ce| .00L3| .0195| .62]| .107| .c0%6| .0189
2.0| .1k2| 0066 .259 | .ho| .137| .0050| .0229| .%2| .136] .co%2| .16 .62} .1hhk| .0088] .0206
3.0| 212 .oogk} 03211 .k1| .207| .00T3} .0289[ .55} .207[ .00T8| .02B2| .62| .218} .0096| .0278
k.o| .287] .0131| .0k06 | .42| .282| .0l0T| .03TB| .55| .282| .0117| .03T4| .62| .300( .0LL5| .0376
5.0} .359| .0164| .0516 | .56] .3%9| .0155| .Ok9T| .57| .361| .0165] .okgh| .62| .382| .0i99| .0502
6.0| .435] .0198| .0651 | .61 .436| .0210]| .0690| .60| .hk36] .0222| .0636] .61|- - -| - - =f - = -
1.98} 0 |o (o] L0137 | .o 0 .o12f k2o o 0102 | 62|10 o .0089
.5| .019} .0009( .0139 | .uk} .celk]| .0008| .o115| .k2| .ceo{ .oo012| .0203| .62| .013| .0011| .0089
1.0} .Okl{ .0015] .01kh | k5| .0k3] .0013] .0219| .k2]| .039| .0018] .0106} .61| .033] .0022| .0090
1.5} 061} .0020} .0153 | .45] .065| .0018] .0128| .43 .060| .oce2| .oi25| .58] .053| .0032]| .ol07
2.0] .082| .0025} .0166 | .45 .085]| .0021| .o1ho| .43 .082| .0026| .012¢| .%6| .o7k| .0032( .0112
3.0] .12kt .003%k| .0203 ! .45| .126} .0030| .OLT6] .b43| .122] .0036] .016T| .56| .116[ .ook3| .o1hkg
L.of .168} .00k8| .0255] .h5| .1671 .00k2| 0227| .kk| .165| .0053| .0218] .56| .160( .0082| .0200
5.0| .21k[ 0061 .0323 | .45| .210[ .0054| .0293| k5| .208| .o082| .ceB2| .55 .209| .007h| .0265
6.0 .255] .007h| 0h03 | .45| .254] .0067| .0378| .45| .250| .00TT} .0364| .55 .2k9{ .0086| .035L
8.0} .3k2| .0106] .0613 | .L45| .3h1| .0096( .0585] .47{ .334| .0108| .0569| .55{ .337| .0127{ .05%0
10.0§ .k32{ .01k3| .0891 | .L47| .ke6{ .o227| .0835( (k7| .ke2| .0136] .08W3] .53| .k33] .0162) .085L
12.0f .21 .0183| .1237 | .52| .515] .0162| .1202| .L6| .511| .0171| .1189) .48{ .531] .019%| .122k
1h.0f 619} .0239| .167T9| .56| .612| .0203| .1634| .42| .613| .cel7| .1636] .43] .638] .cek8| .1697
16.0} .725| .0306| .2212 | .%9) .T20| .0267| .2182| .39] .728] .0287| .2204] .4o0| .751] .0321| .2279
18.0f .832| .0363| .284% | .61] .830| .0360] .282k| .hs| .843] .o370f .2868| .%o| .868] .0383| .2o5h
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TABLE II.- LIFT, DRAG, AND PITCHING-MOMENT COEFFICIENTS AND
BASE PRESSURE RATIO FOR ATRFOILS TESTED - Continued
(b) Basic airfoil: Biconvex to c¢/3, t/c = 0.04 - Continued
(%) h/t =0, b/c = 0.05

R=3.5x10% __ R=3.5x30° R=g.0x10% Rul.0X10%
" &, Transition fixed Mrfoll clean Airfoil cleen 3 Arfoil clean
de,
* c2 | em Ca " {Pu/P| C1 | em Ca [Po| ¢1 | com g |Pp/P| 1) om ¢y |Pp/P
1.451 0 |0 [+] 0.01681 - «|o lo 0.0156| - -]o 0 0.0146| - -0 [ 0.0137{ - =
5| 032] 0026] 0171 | - ~| 032} 0025] .0160| - -| .031) .o02O| .01%| - ~| .033| .0028] .oiki| -~ -
1.0] 064} ,0047] 0182 § - ~| .063] .00k0| .0LTO| - -| .06L]| .0Ok2} .0160) - ~] .06T) .OOk8| .01LB| - -
1.5| .098} 0065| .0199 | - ~| 0961 . .0186( - -y .097| .0057| .0o177] - ~| .102] .0069| .0169] - -
2.0] .132} .0081| 0219 - ~| .130| .0066] .0205] - -| .131| .0OTO[ .G196| - ~| .136]| .0O8T| .0186f - -
3.0} .201| .0116{ ,0279 | =~ ~| .199] .009T| .026k| - -] .201] .o10h| .0255] - ~| .2 .0130] .0253) - -
0} 273] .0161) 03601 - -| .270( .0138} .0345]| -~ -| .273] ,01%0| .0341| - | .28k{ .01B3| .03k0| - -
5.0 .345] .0201| .0 - ~| .345] .0189| .0459f - ~| .350| .02G3] LOLST| - ~| .361] .023T| .OL6L| - -
6.0] 118 .02k5] 0652 | - | k2ol .02h9] L0509] - -] (k25 L026Q) 0603} <« =] - =] = - =] = = -} - -
198l 0 {o Q 0121 [ - ~fO o] L0100 -~ =]O o} \0093] - «|0 (o] .0088| -~ -
5] 019 .o001k] .0223 | - -] .020| .001L| .0103| - ~| .09} .0OL4| .0095| - -] .01T| .00L6] .008%) - -
1.0] 039} .0023| .0227] - -| .oko} .o022| .0107| - -| .Oko| .0021( .0098} - -] .039] .o02k] .0093| - -
1.5| .0%9| .0029f 0136 | - - .060] .0028f .0nT| - -| .060] .0031} .0108] -~ -| .060| .0037{ .0106] ~ -
2.0] .080] .0034] .0148 | - -] .080} .0033] .0128] - -] .0T9| .0037| - - -] - -| .081} .00k2| .0Lllhk] ~ -
3.0} .121| .00hk9}{ 0182 | - -[ ,121| ,0046| .0163] - - .121] .0055| .OL54| -~ -| .121] .0O66| .OL4E| ~ -
Lol .163] .0066| .0231 1 - -| .162} 0062 0211 -~ - .163] 00731 0208t - -] .163 .0090| .0198| - -
5.0| .204| 0083} .0293| - -| .20k] .00768] .0272| -~ -| .20k| .0088] .0266] - -| .205( .0107| .0261] ~ -
6.0 .247| .0100| 0373} - - 246 .0093]| .035e{ ~ -] .27 .0105] .034g9]| - -] .251 0127 .O345]| ~ -
8.0 .331f .0139] 0573 | - -| .328( .0130] 0550 ~ -| .329| .onhk%| .O54T| - -| .332| .0166} .0OSHL[ ~ -
10.0] 5] 013! 0836 - -| B3| 0167 .0813] - -] .b15] .0183] .0813) - - | .h2h| .oe0g] .0821) - -
12.0] 504 .0228] .1167 | - -| 502 .0208} .11kg| - -] .so4| .0220| .11%e| - - .521] .0248] (1181 . -
1b.0) .598| .287| 591 | - -| 597 .0255) .1%67) ~ -| .60B} .0273] .1590| - -| .626] .0312| .164oO| ~ -
16.0| .701) 0359 2110 | - -| .697| .0326) .2081] ~ -] .713| .0347| .2134} - -] .737| .0386] .2207} - -
18,0} .805{ .ou28| 2714 | - -] 810§ .0423] .2723} - -} .B24| .ok3g| .277h| - -| .Bhgi .oL63| .2850| - -
(5) n/t = 0.6, b/ec = 0.33
R=3.5x10° R=3.3x10° R=2.0%10° Rel .OX10%
M @ Trangition fixed Airfoil cleen Airfoll clean Airfoll clean
deg
1] @n 4  |Pb/Pl 1| ©m ca P/l €1 | em Ca | C1 | ca ca |pp/e
1.4 0 |o 0 0.0213 {0.h6}0 o] 0.018110.51 |0 ls] 0.017510.54 |0 0 0.01%9|0.63
.5 .035| .0019] .0222 | .L5| .032] .0019) .0190} .50| .032| .0018{ .0W80| .54| .037} .002%L| .0LT73| .59
1.0] .069] .08} .0233 { .45| ,065] .o02k| ,0198] .50] (066 .0025| .0188{ .54| .073| .0029| .0178] .58
1.5| .108( .0040{ .025L | . hE 101 .0032| .0215] 50| .102| .0033| .0206| .54| .10T7| .0036| .0203{ .56
2,0( .14Q§ .COM8[ .27k { . <136} .0037| .0237| .50| 137} .00k0| .0228| .sk| .1hT| .cOML| .0223| .55
3.0 .214] .00T3| 0341 | .M1| .208] .00%6] .0301} .50] .210| .0059| .oeok| .5h| .22} .0073} .0263| .55
k.o| .293| .0203]| .0k32 | .37] .283] .0086| .0391| .51| .285{ .0091| .0386] .55| .301] .0n12| .0389]| .57
5.0| .366] .0130| .0545 | .36/ .360] .012Lk| .0510| .31) .36L4] .0132] .0%05] .55) .384| .o154] .0506] .
6.0 b5} 0160} .0688 2t 1381 OLTh! 0655 .53]- - =} =« = =] = = 2| A a A - Al o o] -
1.98] 0 |0 [s} JOLLT 39]0 o} J012k] (37]0 [s] 0112 Ao (o] 0102 .61
5] 019} .0009| .01kg | .38] .019{ .0008| .0127] .36 .c20{ .0009] .0115| .4L| .019]| .0008] .0106] .60
1.0} .00 .0013| 0T | .38{ .039] 0011} .0129} .36] .oklj .0012] .0118] .46| .om1| .0023{ .o1r09{ .58
1.5] .061] .0016| .0162 | .38| .060] .00Lk| 0138 .37] .062] .0018] .0129| .AT{ .062| .0019) .0125] .57
2.0f . .0016] .OLThL 38 .082| .0016| 0150 .37| .080]| 0020} .0139) .47| .085] .qo21| .0138] .57
3.0] .125] .002k| 0212 | .39| .124] .0023| .0188] .37( .123{ .o00es| .0178| .L6| .127] .0026| .0178] .
L.0] .169| .0033] .0265 | .39} .167] .0030} 0240} .38| .166}) .0035] .0229] .46 | .173| .ook2| .0227] .57
5.0| .215§ 0043} .033% [ .39 .21k| .o0ko| .0308} .38| .213| .o00k3| .0298{ .kT| .219] .O04g| .0293| .57
6.0| .59 .0053| .ok18 | .Lo| .257| .o0B8{ .0351| .39| .255| .00%2| .0383| 47| .262{ .00%6| .0383| .58
8.0] .346| .0080] .0630 | k2| .3h4] .00T71| .0603] .ho| .3b1} .007h] .0%95] 48] .3%0] .0088] .0600| .5
10.0| .4384 .01061 .0915 | %3] .434] .0096| .0882) k2| .k32]| .0099] .0878] .18 .Lih| .0113] .0890] .57
l2.0{ .%7{ .o1ko| .1265 | 45| .%eY| .0126| .1233] .45] .52h{ .0128| .1235f .bB| .539} .0130| .126k] .53
1L.0f .629| .0186] .1719 | k9| .€21} .0360] .1671) .h3] .62¢| .0173) .1699] k] .653) .o201rl .1T Eo
16.0] .737{ .02431 226k | .54} .730] .0220f .2229| 4O .7U2} 37| .22T%| .%0) .76T] .0270) .23 A7
18.0f- = =j ~ = =] @ mw} e cfm e e o] o] - o) .859] L0310] 2953 JL4Obe < o) o W e e mf - -
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TABIE IT.- LIFT, DRAG, AND PITCHING-MOMENT COEFFICIENTS AND
BASE PRESSURE RATIO FOR ATRFOILS TESTED ~ Continued
(b) Basic airfoil: Bilconmvex to ¢/3, t/c = 0.0k - Concluded
(6) b/t = 0.3, bfe = 0.33

R=3.5x10% R=3.5x10% R=2.0x10° R=1.0x10°%
M a, Transition fixed Airfoll clean Airfoil clean Airfoll clean
de,
¢ €1 | ©°m cd |Pv/P| 1| om ¢d [Pp/P| ©t | Cm ¢4 |ew/P| C1 | cm ¢3 [|Pp/P
1.k5| 0 |0 (o] 0.0180 | 0.k3|0 o] 0.0165}0.50(0 o] 0.0157{0.%2|0 1] 0.0160[0,54
5| 032 .0027) - - -] B3] .031] .0020| .OLTO{ .48[ .032| .0019| .0163} .=R} .036] .0021] .0161] .5k
1.0] .066] .0035| .0193 | .k3| .084] .0030| .0179] L8] .065]| .0030| 0172} .=e| .o72| .0O34! .01T1| .5%
1.5 .099{ .oou5| 0213} k3] . .0038( .0196( .48] .10l .ook3| .0190| .| .207] .00L8} .0193] .Sk
2.0} .133} .0057) .0234 | 4] .133} .00%8] .0217| Jhg| .135[ .ook8| .o211| .53] .1k3| .0053]| .0210| .56
3.0| .206| .0086| .0e9T | 44| .203] .0071] .0278| .U8[ .206| .007T5| .0275| .55] .220{ .0087| .oe76| .61
k.ol .e17| .0122| .0379 | .b5| .279| .0106] .0367( k8| .28%1( .0l12| .036L| .59 .295| .0129| .0365] .66
5.0] .351| .o155| .0b88t L7} .351] .orse| .okB1| .se| .358| .oast7) .ob8r .60| .373| .01Th| .0A87| .68
6.0 .k26f .0193} .0630 | .U8[ .k2T7[ .o20k| .0623] .54| .k33| .0212| .062T| 61]- - =] - = =f - = <] - -
198/ 0 |oO 0 0126 | k2l o] .0107| .38/0 0103| k6|0 0 .0099] .73
.5 .o19} .oc013] .ol2T | .42| .OLT} .0010| .0109| .38| .020{ .0015] .010%| k6] .020} .0012[ .0102| .Tk
1.0{ .039( .001T| .0132 { .U2| .036] .0015] .011hk| .38| 039} .00LT| .0113| .L6| .ok .0015| .0209 .73
1.5] .059{ .oc21| .o1%o | 42| .059] .oceof L0121} .38] .059| .o020] .0120] 46| .06L{ .0022| .Oll9] .73
2.0} .080] .0025| .0153 | k| .078| .oc22| .0134] .38] .086| .002Lk| .0135f .L6| .081]| .0029] 0L
3.0| .121f .0035} .0189 | k2| .118] .o032] .0168{ .38| .123| .003k| .0L67| .kT| .123] .0039| .0166] .TO
h.o] .164{ .0OkT[ .0239 ] .42]| .159] .oob2) .02l7] .hi| .16k | .o0WT| .0218| .k9| .16T] .0051] .oelT| .
5,0 .206] .0058( 0279 | .43} .201] .cos51] .0278] .M2| .203| .0OSk| .02TT| .5@f .206] . R .68
6.0 .249] .0071]| .038L | .k3] .2b3] .006k| .0357| .k3| .2L5| .0066] .0360f .53| .2%0] .0081]| .0362] .67
8.0] .33%[ .0101| .0590 { .W&{ .326] .009L| .0960| .k5| .321( .0093| . .55] .336) .0115] .0567]| .6k
10.0| .b21| .013k[ .0859 ] .u6{ .bog{ .0122| .0825| JA45[ k1L | ,0130| .0830( .53] .k2k| .01sM| . .59
12,0 .508| o171 1196 | .b9| .ug5| .o1s57| L1153 . .500| .0162] .116hk| b9l .517] .0189] .1197]| .55
14,0] .605] .0220) .1625| 54| .591] .0198{ .1is70| . 570 L0211f (1527 . L22) .02kT| .2663] .50
16.0| .710| .0285} .2153 | .6L] .69h4] .0235] .2110] 42| .67T| .0eT9| .2022| Lol .T32| .0309| .2225] .h4
18.0f .81%| .03 2769 | .62} .821{ .oek7| .2710| 47| .795] .0363| .2693| .Lko| .B841] .0370| .2837| .k
(7} v/t = 0, b/e = 0.33
R=3.5x10% Re3.5x20% R=2.0x10% R=1.0x10%
" a, Transition fixed Arfoil clean Airfoil clean Alrfoll clean
de,
' #l ez | cu ¢4 |P/P} %1 | ca Ca |Po/B} ¢ | cm a2 Po/P| 1| ©Cm ca  |Pu/P
1510 Pp o] 0.015T | - -0 ] 0.0149 )| - - P 0 0.0139{ - ~-{0 0 0.0131[ - -
.51.032| .002k] 0160} - -| .03k |.0023] 0051} ~ - | .032] ,0022] .0143] - -| .032| .003L4| .0L33| -~ -
1.0} .065] .oou3] 0168 | - -] .065 | .0039] .0161| ~ - | .065| .0038[ .015k| - -~} .06k| .0057| .OLi5| - -
1.5 .097] 006k} .0185| - -| .098 | .005k]| .01TT| - -| .099| .0053] - - =| - ~| .10L} .0083] - ~ =| - =
2.0/ .130| .0079] 0206 ] - -| .232 ] .0067| .0198] - -| .135] .0065| .0190| - -] .136] .0OT8B| .0183) - -
3.0 .198} .011k| .0266 [ - -| .201 [ .009k| .c@55 ] ~ - | .20k| .0097| .02B9| - -] .210] .0123] .02h7| - -
k0| .269] .0155) .0348 | - -] .273 | .0133] .03k0} - -] 278 .01 k2] .03%2| - -} .28%] .0178| .0368] - -
5.0 | .340| .0195{ .ohs2 | - -} .34k9 | .018k| .0k55] - -] .353] .0192] .OLS5] - -| .363] .0@38| .0456] - -
6.0 | .k12] .0237( 086 | - -| .h2bk | .02k3| .056k{ - - | k29| .0254| 0597 - ~f- - =] - = =] -~ - -} - -
1.951 0 {0 [s] 0118 [ - -j0 0 0097( - -0 [ 00901 - -10 [+ .0086| - -
5| .0e0} .0012| .0120 | - -| -019|.0013| .0098 [ - -] .019| .00k} 0091 | - -| .219| .001G| - - - - -
1.0| .oko| .0021| 0124 | - -] .038].0019} .0205| - ~| .039| .0022] .0095]| - -| .036} .0029| .0090| ~ -
1.5 .081| .0030] 0134 | - -} .058].0026] - - -| - -| .060] 0029} - - -] - -| .057| .0045| - - | ~ -
2,0{.081| .0034} .01k5} - -] .079}.0031] .0126 | - - | .080] .003%) .0118 | - -] .O76| 0050} .OL1O| - -
3.0} .23] .ook7| 0382 | - -| 218 .00h3] 0159} - - L.lEl .ookgt .o1%e | - -| .120] .0066| .0L4E)] - -
bol|.165] .006k| 0230 - ~| .1601.0059| 02OB[ - -} - =] = = =] == |- <= e =] = =] e =] -~
5.0 | .207]| .0080] 0202 | - -} .203{.0072]| 0270}~ -| .205| .0080| .026k| - -] .203| .0098] .025%| - -
6.0 .249[ .009T] - - -] ~ - 244 |.0088] .034k9| - - | .247| .0098| .0382| -~ -| .2k9| .0119| .0339] - -
8.01.33%] 0135} .0576 | - ~| .327 | .0122| - - -} - -] .330] .0236) - « - | - -| .329| 0159} - ~ =| = =
10.0 | .ke2| .0177) 0843 | - -| .413[.0160| - - -| -~ «] k15| .01TL] 0807 - -] .MI6| .0299] - = -] - =
12.0 | .511| .0e23 | 118k | - -] .hoo | .0198| .11%3 | - -} .503( 0211} .11k6 | - -f 514} .o2hk| 1182} - -
k.0 [ .605] .0281)] .1608 | - -} .593 | .02k1| 1554 | -~ - | .60L| .0261{ .1576| - -| .618| .03ce| .1612| - -
16.0 | .708| .035L] 2122 | - -| ,&93|.032% [ - - -| - -} .722] .0339) - - - |- -| .T25] 0382 - - -] - -
18.0 | .805] .okig9] 2702 | ~ -| .805 | .ObI1]| .26 - - | .820] .ok32] .2753] - -t .832| .oksk| .2787] - -
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TABLE II.~- LIFT, DRAG, AND PITCHING-MOMENT COEFFICIENTS AND
BASE PRESSURE RATIO FOR ATRFOILS TESTED - Conbtinued

{e¢) Basic airfoil:

(1) n/t = 1.0, b/c =0

Biconvex to ¢/3, t/ec = 0.06

R=3.5%10% R=3.%x10° Re=2.0x10% Ral.0x10%
" o, Trensition fixed Alrfoil clean Mrfoil clean Airfoll clean

de

€l ey | en ca [pp/P] ©1 | om eq /el €1 | on ca lep/e| C1 | em cq Vi

1.5 0 o P 0.0451 [0.56 [0 0 0.0l1k jo.53|0 o o.o0415]0.5%2 lo ° [0.041T j0.54

.5] .035| .0015} 0456 | .55] (036 0021 .ohe3| .=} .036| .0022] .ok27) .51 .038} .0027) .0k32| .53

1.0} .076| .0032| .ou86 | .54 .o72| .oono| -ouzé| .m1| .o7a| .ooke| .omu1| .Bo| .o7s| .oous| .ouks .51

1.5 .105] .0051] .ok8% | .53| .108] .0061L| .obs8{ .%0] .207| .0062] .0k61| .L9| .110]| .006L4| .OkEL{ .52

2.0f .139] .0060| .0%02 | .53 .14 .0076] .o¥7T{ .50} 143 .007T| .OkT9| .49} .1h9| .0080| .ou81| .=

3.0 214] 0082} .0566 | .33| 219} .0106f .0551] .50] .218} .0106| .05%2| .49| .226] .0113| .0%69] .53

k.o .28 .0108] .065L | .33 .293] .0137| .0643 | .51 .296{ .orko| .0Sk6] 50| .308] .0148] .062k| .56

2.0 <367 |. .0A37| .OT6T | . 370 .0167| .0763| 51| .371] .0L71] .0738] .56(- ~ =] = = =} = = =] ~ -

N e I LT B R B B Ll LI ) B e B e R

1.98j0 b b wss | ushp  fo .55 oo o .e55( solo o .cell| .48

51 021 0009} .0293 | 41| .020| .0020] .0@36| .Lo} .020| .0009| .0258| .Lo} .021| .0011| .02k2| LB

1.0} .ok2 | .0027| .030L | .ko| .okoj .o001T| .0267] .39] .oh1| .0017| .c26Li .4o) .Ok2} 0016 .024%5| LB

1.8 .064) .0023]| 0313 | .40 .062] .0023] .0278] .38] .065] .0025) .c2T8| .39| .06T| .002T| .0255] .47

2,01 .085| .0029] .02k | 40| .084| - - -] - « -] .38] .086] .0028] .cego| .39| .089( .0030] .c27L| M7

3.0 .129| L0039] .0365 | 40| 128} ~ - -] - « -] .39} .131] .o0k0| .0333} .39} .136]| .cokh| .0316] .16

B0 76} .0053] .oleo | W41 .173] .ookT| .0384 [ .39] .377] .00%| .0367) .39] .182] .0058| .03TL} .46

5.0| .220{ .0065| .obor | 41| .217] .c059| .oustk{ .bo| .e22| .0063| .o455| .ko| .227| .0069| .okUE| .5%

6.0( .266] .0079| 0581 | .h2| .262| .00TL[ .O%5k2 | .koO| .268| .0076( .0546| .ho| .277| .0085{ .05%0( .45

8.0} .359] (0113} .0809 | k3| .33h4| .0l00| .0769) .40 .359] .0106| .oTTL] .B1] .368| .on118]| .o772| A5

10.0] 451} .0156{ .1109 | 45| .kk6| .0134| .106T7 | .B1] .bs1] .oikof .1076] k2| .463| .01m6] .1085] .45

12.0] .5kt | .o201{ (1486 | (47| .sh1f .o175) L1443 (43| Lsk7| L0185 .aks0| 43| .569] .0209 | .1505] .45

14,0] .6ho] . 1928 | Jkof .6k2 | L0229 .1915) 45| .653] .o2k2| .194g| Lk} .678] .0269] .2015] L%

16,01 rhlk| .0263{ 2484 | 51§ .79 .o282] .2489] w3 .762| .0294| .25M1) (k2| .785) .0310| .2602| .13

18.01 .855) .0301| 3154 | .52 .859| .0313] .3167| 5| .876| .0339] 3838 maf- - o] i bl o102

(2) n/t = 0.6, b/c = 0.05
Ra3.510? Re3.5x10°% - R=2.0x10° R=1.0x10%
X a, Transition fixed Alrfoil clean Adrfoil cleen Adrfoil clean

de,

8l ey ] em | ea PofP| ©1 | om s [Py/P| ©1 | om Ca jep/R] %1 | em cd e

1.5l 0 o F ©.0k19 (0,57 F o 0.0397 F.s‘r [o] 0 0.0363/0.57|0 o] F).o381 0.6

5] 03] 0025 .oke3 ] .56| .035] .0026] .okoOL| ~ -] .033] .0027| .0370) - -] .037]| .0030] .0390] - ~

1.0} 087 .00k8] .0L33 | .56] .069] .0053| .oM15| - | .065] .0053] .038| - ~| .073] .0059] .0395] -

1.5] .201] .0072{ .okk9 | .%5| .202| .cO78] .0M33| - -] .097{ .0075| .okoo| - -| .122| .0086| .oh23| - -

2,0] .136| .0089] .ok70 | .551 .137| .0097{ .0u5T| .5h| .130] .0093] .ok2l| .53} .150| .0206] .Obhk} .59

3.0} .206} .0119] .0%530 | .55] .209] .0132| .0%3| - -| .198] .0128] .ou86) - -| .227] .01%0| .0%514] - -

L.0o| .28 .o154 (0613 | .5%] .282]| .or72| .0611| .54 .268] .0168] .0569] .%3| .30%] .o19%| .0597| .58

2-0 354 L0195 .0725 ] . 355| 0212 .072T| - -] .336} 0205 08TH| - |- - 2} = = Z| = < w| -«

N O i Bl Bl e B e B E e B e T e et RN ISy e

1.98l0 o o o265 | 450 o oele| u6jo o 239 slo o .ce26( .56

5] .ce0l .00l ,0269 | k| (020 ,0011} .02hk| k3| .c00) .0012] .02b1| (k9] .020} .0016) .0226f .56

1.0] .oko| .002% .02TT | .43} .ok2| ,0023] .02%1| .uh| .okl] ,0022| .02k7| .48] .oM3] .0030{ .0229) .56

1.5| .061] .0036] .0288 | .43| .062| .c034| .c2€2| .u4| .063]| .0034| .ca60] .48} .067| .coh3| .cekk| .Bs

2.0] .082| 0043 .0300 | .kh&| .08%[ ,ookil .0276] .uk| .08k| .0038| .0272| .l7| .087| .00%1| .0e%6| .5k

3.0| .125| .00%9; 0340 | 4| .126]| ,0056{ .0315] M4 .129| .0058| .031%| .46] .131| 0072} .0302] .53

Lk.o| .170| .0077] .03%2 | .M4{ .172| .00T3| .0369} .bLk| .173] .0075) .0370] 45| .178] .o091) .03s4| .=

5.0 214 .0096| .oh60 | .uh| 214 .0000| .ou37| .hh&| .218) .0002| .obko| .Mh| .223] .0105| .oM25| .51

6.0} .258| 0117} .0545 | 15| .258] (0108 .0523 L) 264 ] L0111] .o%eT] AL 270 (0126 .021] .%

8.0] .3k8] .0163] .o76k | .u7| .3%7| .01k9 A4l 3% | 0158 .oTW8| B[ . J01T%] JOThh| .=

10,01 .43g| .0218] .1055 | %G} 439 .0195 1035 s Wuk3 | 0200 .20k0) LB WWSS5) L0222| 1044 LS

12.0f .531] .0277] 2417 | 52| .532| .02L9| .1hoo| 45| .53T| .0e%6] .13%0| M| .3%9| .0285] .1b2| .M

14,0 .624| (0321 1847 | .55] .630) .0315] .18sh] .L5| .639] .032h] .188k| .45} .665] .035h| .19L5 Eg

16.0| .T28§ (0372} .239% | .57| .736) 0382 .eba7| M| (746 .0388] .2hs5s| .%3] .7T71| .oko3] .eme2| .
18.0| .837] .okes| .3okg | .58] .8L3| .ok3o| .3072| b7l .85 .ok3| .3188] M@la - -] - - -]~ - o) - -
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TABLE IT.- LIFT, DRAG, AND PITCHING-MOMENT COEFFICTIENTS AND
BASE PRESSURE RATIO FOR ATRFOILS TESTED - Continued
(e) Basic airfoil: Biconvex te c/3, t/ec = 0.06 ~ Continued
(3) b/t = 0.3, b/e = 0.05

2T

R=3.5x10° R=3.5x10° Re2.0x10% R=1.0x10%
" a, Transition fixed Airfoll clean Airfoll clean Arfoil clean
de

€l ez | e ca |po/P| 1} ca ea |ep/pl ©1 | em ca lppfp| €1 | e ¢d [Po/P

1.45]l0 (o o 0.0369 |0.58]0 o 0.0338[0.58([0 (¢} 0.0333{0.60 |0 o] 0.0326 10,70

.5] .033] .0029| .0373 | .58} .03hk| .00R9| .0342| .57| .033| .002T] .0338]| .60| .038| .0039] .0328| .To

1.0} 06T} 0056 .0381| .57] .06T7} .0058] .0355] .57| .068( .0060] .0348} .60[ .0T3]| .0OT1| .0339| .TO

1.5| .100| .0081| .0396 | .57| .101( .008%| .0371| .57 .102| .0086| .0366{ .60| .110[ .0105| .0361| .TO

2.01 .134| 0102 | 0816 ] .57| .136] .0107| .0395| .57| .136| .0111} .038T7| .60{ .1kk| .012T| .03T9} .70

3.0| .203{ 0133 .okT2 | .58[ .206| .o149] .olsO{| .5T| .209| .0193| .ohsT| 58! .220| .0IT8{ .OM5L| .69

kol 27k} 0178 .05%2 | .59| 279 .0lg2] .o548] .57 .282| .o199| .08k} 57| 297] .0226| .0%kl| .68

5.0| .36 .0223| 0660 | .61| .351] .0239| .0659| 58] .354 .02k3| .0658! .58| .373] .0281] .06 .69

6.0] k17| .0282) 0180 | .69} .%e3]| .0288( .oroh| .61 .h28) .0331] .0761| T8l = =| - = -| -~ =} - -

1980 |[o 0229 | Jhklo o .0205] 500 o 0196] 610 0 0186} .71

.5 021 001k 0232 | .h&| .020| .0016] .0206| .50| .022] .001%] .0199] .61 .0e0| .0016| .0188} .T7L

1.0 0008 0237 .43| .okl| .0028] .0213]| .Lg| .ok2| .003L| .0205) .60| .0k2| .0032| .0189| .T1

1.%5| .061} .ookl| 0249 | .43| .061] .0039} .0225]| .ho| .062| .ooMk| .0218[ .60] .06hk| .0OkS| .0209] .T1

2.0] .08 | .o0k9| 0262 | .%3| .083| .o0L8] .0239] .k9| .084| .00%2| .0231{ .59| .083] .0061| .0220| .70

3.0} .125( .0068| .0301 | .43} .125| .0065{ .0@78| .h9| .127| .co72| .02T2| .59| .128| .008hk| .0262| .69

h.0| .168} .0089( .03 | 43| .168| .0084] .0329]| .4B| .1T2| .009L| .032%| .58] .1T2| .0105| .0315| .68

5.0| .211] .0110] .0k18 | .hk]| .212] .0l03| .0396} .b7] .215{ .011k4| .0391| .56] .21T{ .0129] .0 6L

6.0 .253| .0133| 0500 { .43} .2%55| .0127| .0&T8| .M8| .260[ .0133] .OkTg| :56{ .264| .0Lh8| .0k8O| .65

8.0] .3%1] .0186| o710 | .45| .342] .0175 .0691{ .Mo| .3hT| .0186] .0693| .56| .3%0| .0208 .63

10.0{ .k3o0} .02k7] 099k | .51| .B31] .0e28| .09T1| .50| k35| .ceWl]| .0978| .53| .Ak3} .0265] .0984| .5T

12.0f .%25]| .0317] .1356 | .54] .=e2| .0290| .1332f .46 .%26| .0303| .1340| b9 .0338] .1375] .55

ih.0f .620) .0370] 1770 .%B[ .617| .0359] .1754| .L3| .628[ .0379| .1804| .LA| .6L6| .obkik] . SR

16.0( T4 .0k31| 2295 | .61 .719] .0R31| .2307| .4o| .732| .0W%O0| .23%9} .k2| .7%0| .Ok72| .2h05| AT

18.0} .817[ .oug8} .2015! .60| .821| .0k89| .2933} .45{ .836] .0502] .2996{ .39] .85T7] ,0ma7] .3054] .k

(%) n/t = 0, b/e = 0.05
R=3.5x10° : R=3.5x10% Rel .OX10% Ral.0x108
" a, Transition fixed - Alrfoll cleen ) Alrfoll cleen - Alrfoil clean

de :

8l e cm | € |ppP| 1| cm Ca Py C1 ! em a |ep/P| ©2 | om ca |m/fe

1.5 0 o (o] 0.031 | - -0 (o] 0.0308{ - -[0 (o] 0.0297| - -|o 0 0.0295| - -

.51 03| 0035 0382 ] - -] .034] .0033] .0312] -~ -| .032] .0032] .0299] - -} .033] .o0WO} .0299] - -

1.0] .065} .0086] .0348 | ~ - .065] .0065| .0322( ~ -| .065] 0066} .0309| ~ -| .068| .00T4| .0305| - -

1.5 .097] .0096| .0364k | - -{ .098j .0093| .0338] ~ -| .098| .0097| .0328{ - - .lo4| .0106} .0327| - -

2.0| .129] .0120] .0383| ~- -} .131} .o11T| .0358} ~ -| .132] .0221] .03%2| - -| .238] .0L35| .0348| -~ -

3.0 .195) .0164| .036 | - -| .199} .0165( .o420} - -| .201| .0L1TL| .0M1T| - -| .210| .0193| .oM15} - -

L.o] .263] .0213] .051% | - -| .268] .0218] .0%05! - -| .274| .0226] .0503] -~ -| .283] .025k| .0%0k| -~ -

5.0] .333] .0266{ .0618| - -| .336] .0273| .0611| - - .3h1| .0280{ .0611[ ~ -| .355[ .0312| .0610( - -

6.0] .5oo[ .0318] .otk | - -[ .%05| .0332] .oTh2| - -| .kO6| .035B} .OT21| = =|= == = = =f = = =} = -

20]0 |0 o] 01T | - -0 o] .0180f - -jo o] 1 -0176] - =J0 0 OLTE| - -

.5| .0er| .o016] .0e20]| -~ -} .019! .0018| .0182} - -| .019] .001T| .01T9{ - -| .02O| .0026] .0LTH| - -

1.0} .0b1| .0032] .0225| - -1 .038| .0034| .0187| - -{ .039| .0033] .0184| - -| .039] .0032| .0L75| ~ -

1.5 .060| .00k6{ .0236| - -| .057| .ookg| .0199] - -| . -00kg| .0196| - -l .058| .00%0| .0i89| - -

2.0| .081] .00%9] .28 ] - - .OTT] .0060] .ce11l| - -[ .078| .0059{ .0208| - -| .OT9| .0O6K] .0200| - -

3.0] .121} 0080} .0286 | - -| .117| .0081] .0249| - -] .118| .008%| .cebs| - -| .220{ .0093] .o2k2| - -

k,0| .163] .010% .0335| - -| .157[ .olok} .0e98} - -| .159) .o111} @96 - -| .162]| .0127| .0291] - -

5.0| .205]| .0128{ .0383| - -] .199] .0126| .0360{ - -| .200| .0L134| .0358] - -1 .202| .0159| .0356| - -

6.0] .247] 0155 .ohT9| - -} .2bof .01%2| .OL39| - ~| .2h3] .0161] .0L38| - -| .24T| .0180( .Okkl| - -

8.0] .331| .021hk]| ,0681| - -| .323| .0203| .0594] - -| .327} .0215] .o6k2]| - -| .333| .oeki| .06%| - -

10.0( .Jl9| .02T7f 0953 | - - .B1O{ .C@57( .0909| - - .M12| .ce68| .ogn1f - - .k21| .0299| .0929] - -

12,0} .509| .0349]| .1303} - -| .499| .0320] .1255! ~ -! .502| .0332| .1260[ - -| .®@3{ .037h| .1311] - -

14.0] .598| .ohoh| .1706 | ~ -| .592| .03%| .1676}] - -| .600| .okl2! .1701| ~ -| .6@%| .oks3| .17TL| - -

16.0( 6| .ok69 2202 | - -| .685] .okT1| .21TW - -| .7O1} .okgO| .2228| - -| .722{ .0%1T| .2289f - -

18.0]| .790} .o543} .2791] - -| .787] .0534| .2781| - ~| .803| .oshg| .283%] - -| .823] .0572| .2803] - -
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TABIE II.- LIFT, DRAG, AND PITCHING-MOMENT COEFFICIENTS AND
BASE PRESSURE RATIO FOR ATRFOILS TESTED - Continued
(c) Basic airfoil: Biconvex to c/3, t/c = 0,06 ~ Continued
(5} b/t = 0.6, bfc = 0.33
R=3.5x10° R=3.5%108 R=2.020° R=l.06A0%
M o, Trensition fixed Airfoil clean Airfoll clean Arfoll clean
deg
cy jem j ca |ppp| 2| em | %2 Joo/p] 2| em o [P %2 | em [ Ca [P
1.4 0 [0 0 0.0378 |0.54]0 0 0.033%]0.57 |0 o} 0.033%|0.56 [0 o 0.0330 j0.6L
5 .0351 .002%) L0385 | .53] .03%| .0023) .0338] .56] .034| .0024| .0339{ .56] .035] .0029| .0331{ .61
1.0} .06g] .ook9| .0395 | .52| .o70| .oougl .o3u8( .55( .068| .00sL| .03%1| .55| .072( .00%5{ .03k0| .60
1.3§ .10%| o072} .ok1l ] .51] .1oh] .ocoTh| .0369} .55] .iok| .0076] .03TL{ .5h] .110; .00Bl| .036k]| .60
2.0 .139} .oogol .ou31 | .31] .139| .0092] .0393| .55| .1%0] .0095| .0393| .55| .1k7{ .0098| .0387| .5
3.0 .208] .0116] .0k8g | .so0| .210| .0130| .0L&C| .55| .21k} 0131 .obée| .5b] .225] .0139| .0u61| .60
ho| 281 .owwt] o573 | .51] .281] .0167| .0550| .55] .28T[ Jor7a| LO%51| .54] .301] .0182] .0SM9| %0
5.0 .355| .ou8k| .08851{ .51| .38} .c207| .0667| .56f .363] .ce11{ .0668{ .53 .379 .0227] .0632) .T3
6.0 k29| .0225| .0809 | .55| .L25] .0246] .0785 Y34 (Mt il IO I M IR Sl e
1.98] ¢ Jo o} o234 | A43lo 0 .0206] .30 0 .0205| .u8lo 0 0lgh| .60
51 .021) .o01r| .o237 ] k2| .o21| .oco11| .o209| .k3| .022| .ocomvf .o2o7| (48| .026] .0011| .0198| .62
1.0] .o42| .0023] .43 | .h2| .ok2| .0023| .0216] .k2| .okl .002Lk| .02121 .48| .obkj .o022| .0204| .61
1.5| 063} 0034 0256 | L2 .062| .oco32) .oe27| .h2| .064| .003h| .c225| JAT| .062( .0033] .c217| .60
2.0| .083| .ookLlj .0270 | .k1] .08k .0038] .cebo| .43 .085] .0038] .0239] .47| .O8T| .0035] .0231] .59
3.0t 127 .00%6| o309 | .hi} .127i .cosn| .cetop .L43] .130] .o00s1| .0280( .u7| .130f .0055; .0273] .58
k.o] .ama| .0o73] .0362 | .| .170| .006T{ .0332] .&h4]| .175| .00TO| .0333] M7} .178] .0076) .0327] .57
5.0( .215f .0089{ .ok29 [ k2| .2a%| .0083] .0399| .u4{ .217| .0086] .okoo| .7 .223]| .0093| .0kOO} .55
6.0] 259} .0108| .0%15} .k2| .2 0100| .ok8s| .Mh| .262] .0103| .0489{ .kT] .272| .0L06| .0kg6) .ST
8.0] .348| .o1s0| .0732 | 44| .357f .o1kof .oTOd| (46| .350| .01k3]| .0708| k7| .360| .0156| .o0716} 3%
10.0} k39| .0199] .102k | b6} .43T| .0182| .oggo} .LT| .h439] .0188{ .1000{ 48| .Ls4| .0210] .1019] .53
12,0 .533] .0263] .1392 ]| .A8] .=329| .0238] .13%5) .b7] .534] .o2k8| .1369] (b7 554 .0278) .16 .9
wk.0{ 625 .030%| 1817 | .53 .627| .030%] .1807| | .6h2| .O3LT) ~ - =] JBB]- - =] = = <] = ~ <] LLE
16.0] .728} .03%} .2355) .5T7] .731] .036L| .2362] .43] .749| .0378| - - - .bho| .762] .0398] .2u68] .43
18.0] .833] .oko7| . .60{ .837| .olk13] .3 13| .857] .ob2o] - - -| .ho{ .875] .ok3k| .3156] .2
(6) b/t = 0.3, b/c = 0.33
R=3. 5102 R=3.5x10% R=2.0x10° Rm=1.0x10%
" a, Transition fixed Ajrfoil clean Airfoil cleen Afirfoil cleen
de,

€l ey | em | 2a | | em | ca |wpf e em | foe| | cm | Ca e
14510 O [¢] 10,0354 1 0.36|0 4] 0.0314}0.54 (0 (o] 0.0298(0.59(0 [} 0.0302 (0.67
.3] .033} 0029 .0357 | .36] .035) .0033] .0319] .=4| .03%| .0029] .0304| .59} .036] .0033| .0308| .67
1.0} .066] 0055 0365 | .36] .068} .00%7| .0326] .shi .06T¢ .00%8| .0315| .%9| .oTh{ .006%| .0317| .6T
1.5} .100] .0078| .0379 | .37} .102| .0083| .0345| .55 .102} .0083} .0333] .59] .108] .0092) .0339) .66
2.0] .13%{ o097 .0396 | .37] .136| .0206| .036% .56| .138] .0106| .03%6f .39] .1u5| .on1] .03%9]..66
3.0] .202| .0133| .o8%2 | .38] .206| .0139| .ok28| .5T] .20T| .0148] .ok26| .58| .220] .015¢| 0429 .65
.0l .273] 0170 .0530 1 .391 .278| .0193| .o51h4} 60| .281| .oxok| .os12{ .59 .295( .cRO6| .0%15) .66
5.0] .345) .0213| .0637 ) .u41| .3k9| .0235) .0627] .%9| .33 .0238] .0625{ .60] .368] .0258| .0621] .68
6.0, .417]| .0262] 0766 | .84 .L16| .0282( .075g] .59% .k21) .0303| .O737| -~ ~j- = =} = - =[ ~ = =] - ~
1.98/ 0 o ¢} L0214 | .kljo 0 L0183} .Lk6{0 0 .0182| .53{0 0 .0180] .69
.51 .0e1r] 0015 .o217 | k1] .020] .0013| .018%| .46 .020{ .0013| .0185] .53| .019] .0013[ .0181) .69
1.0] .042| .0028] .0223 | .h41| .O1l| .0026] .0191f .LE| .oho| .0026] .0188] .53] .ohk2} .o0029] .o182) .69
1.5 .061{ .ook1| .c233| .ko[ .061] .0037] .0201] .h6| .061f .0039| .0200| .53{ .063] .o00k0] .0197] .69
2.0| .083} .oo49| 0246 | .Lo| .081| .o045| .021L| .46] .082) .00KE| .021h4| .33]| .08%] .00S5L} .0G203| .69
3.0} .12 .006T7] .28k | .ho| .122] .0062] .c2%R| 46| .12h%] .0063f .oes2f .51 .127| .0069 .0247] .8
L,o] .168] .0087] .0336 | .k1| .16k| .0080] .0302) .47] .1268] .0085) .o30hk{ .51] .173]| .0093] .o029T| .67
5.0] .211] .0105( .oko2 § .42l .208| .0099] .0369] .47| .2101 .0203| .0369| .m1| .216] .o113( .0369| .&2
6.0{ .253| .0128] .ok83 | .L3| .250| .01l9] .oks1| (k8| .2sh| .0125) .obsk] .51| .262| .0136) .olsT] .G
8.0 .3ko| .o177) 069k | .46l .3381 .0166] .0661| .hg9| .3h0( .0173| .0663( .5} .350| 0197 .06T2{ .=7
lo0.¢| .leg] 0235} .0976 | 48| .k2s5| .o219| .0938] 48| .kes| .0229] .ogh0| L8} 438 .0256] .0961] .%0
2.0} .520] .0303] .2329 | .53| .515) .0279] .1293] .M4) .516| (0289 .1208] .u3| .sMi| .0326f .1354] .L7
1k.0} 608 .03%2| .1738{ .61| .608| .03%1] .1723| 41| .616] .0366] .1Tm1| .4O| 64| .okoG| .ISRT| U3
16.u] .T0B| .ok17] 2258 | .63] .705| .ok23| .22hh} k1| .7i9| .ob37! .2204] .38 .75} .OU6hR| .236L| .kO
18.0| .808]| .ok8s5| .2865| .60] .808} .okde| .e866| k6| 821 .oho3| .2011| .39 .851] .0%18] .2998| .he




NACA TN k039

TABLE II.- LIFT, DRAG, AND PITCHING~-MOMENT COEFFICIENTS AND
BASE PRESSURE RATTO FOR ATRFOILS TESTED - Continued
(c¢) Basic airfoil: Biconvex to ¢/3, t/c = 0.06 - Concluded
(7) b/t = 0, b/e = 0.33

29

R=3.5x10% R=3.5x208 R=2.0x10% R=1.0x10%
N a, Transition fixed Alrfoll clesn Alrfoil clean Alrfoll clean
deg T
1§ °n cq (Pp/P| 1| °m ca |pp/p| €1 | ©em cd /e ¢ | em ca [pp/P
1.55[ 0 [0 ) lo.oxek| - -|o 0 0.0299| - -] - - - - < --=]--]o o 10.0301] ~ -~
5] .032] .0034[ .0326| - -} .032} .0029] .03R| - =}~ - -] == -| - =--] ~ -] .032[ .0033] - -] -~ -
1.0| .067| .0063] .0335{ - -| .067} .0061| .0315| -~ -{- - -] - - -} ~ - -} - -| .O76( .COT9| .0318] - -
1.5} .097! .0088| .0348§{ - -} . L0087) 0332) = |- ==} =~ ==} = = =] =~ =} .102] .010L| .0333} - -
2.0| .129] 0111y .0367| - -} .130| .0o113| .03%| - -|- -~} - - -} - - -1 - -] .236] .0132{ .03%4] - -
3.0} .19%5{ .0151] .ok22 | - -| .199] .o1m@| 0M15) ~ -f- - -} - - -] - - <| - -} .208} .OLTT| .OM23| - -
k0| .262] .0195] .0500} - -] .267] .0210] .0500| - -}~ - -l - - =| ~ = -] - -] .281| .0230} .0505{ - -
5.0] .332| .02k7} 0605 | -~ -] .337| .0259) .0608) - -|- - 4] = = -] « = <[ - -] .353] .0287| .0615{ - -
6.0} .koo! .0303| .0735| - | . O311) 0739 = == == === === e |-l =-==~] -~
1.8 0 |o [6] 020k | - -jo 0 01851 - -0 0 0.0180| - -lo (o] OLTT| - -
5| .c20{ .001%{ .0208 | ~ -} .029] .c015| .0186| - -| .018] 0016} .0180] - -] .015| .002L{ - - -] - -
1.0) .ok2| .0033| 021k | - -[ .OkL| .0030| .0193| - -| .Ok3| .0032| .0190} - -] .0k2| .00k2{ .O1BT| - -
1.5] .058| .00kk| 0223 | - -{ .058| .ookr| .0202| - -] .059| .00%3) .0198| - -] .0%2| .00%2]| .0163] ~ -
2.0} .019| 0057} .0237[ - -| .078] .0053| .0215{ - -} 079} .005T| .0211{ - -1 .OTT} . L0207) - -
3.0] .119{ .0076| .0273] - -| .129] .00TL| .0251) - -| .129} .0075| .02UB[ - -] . .008k| .02kof - -
k.0l .161} .0097| .0323]| - -] . .0092] .0301{ - ~| .162| .0095| .0303| - -} .163]| .0108| .029T} - -
5.0| .203] .0120] .0387| - -} .202] .0112| .0366] - -| .20k| .0119| .O - =] .20%} .023%) .0355] = -
6.0| .2k5| 0146 0888 | - -} .2h5 .023T| .OM4T| - -| .24T| .01h5] .0455| - -] 246 .0163( .0%39] - -
8.0| .330] .0199} .0673| - -] .331 .0185| .0655 - -| .331] .0192} .0650| ~ -| .337| .0218] . - -
10.0| .hiLk} .0259| .0ohh | « -] i .0205| .0%2k| - -] k18] .02h7| .0925| - - .u2k| .0278] .0%27| - -
12.0] 502 .0332| 1286 | - -| .08 .0299l .1269| - -] .506| .0309| .1209( - -} 22| .0342] . --
k.0 .588] .0 6821 - - .0373} .1689] - -} .603) .0388[ .1705| - -| . Oh2o| J17m1] - -
16.0] .68L4| .oksk) 2178 - -] .695} .oh531 .2207| - - .TO3] .0kO5| .1230| - - .723 ghmg 2276| - -
18.0] .781] .0%26] .27 - -} J791] .0=21} .2800f - -{ .803| .0%25| .2833) - ~| .85} .0 28] - -
(4) Basic airfoil: Biconvex to c¢/2, t/c = 0.04
(1) b/t = 1.0, b/e =0
Re3.5x10% Re3.5x10% R=2.0X10% Rwl.Ox10%
. @, Transition fixed Airfol1l clesn Arfolil clean Airfoll clean
deg
c | Cm ea [Pp/P| ©1 | om eq [Pp/p| ¢1 | cm e /Pl c1 | e ea  pp/p
1.k5 o jo 0 0,023k { 0.k9 {0 [} 0.021T [0.50}0 a 0.0212 [o.k4g fo [¢] 0.0198 [0.53
.5 .032| .c010} .0234 | .50| .032} .0006} .0218| .%0f .031| .0006] .0216| k9| .035| .0010| .0206( .55
1.0] .067} .0012| ,02k5 | .50| .066} .0010| .0226} .50 .067; .0011] .0222[ .50) .070] .0010( .0211| .54
1.5 .203] .0017| .0262| .50} .100{ .0013| .02Lk2| .50| .102| .0016f .0238( .50 .108[ .0018| .0229| .53
2.0] .137| .0021) .0284%| .50| .135 .0016| .0263| .50| .138} .0018] .c262| .50| .1%k] .02k} .c2=2] .33
3.0] .211} .0035] .03%2 | 50| .208] .0027| .0328( .%0| .210[ .0031| .0327| .50| .220| .0OR2| .0321f .53
k.0] .289] .0056| .okkS} .50| .282| .o0k3| .0koo| .m1| .286] .o0k6] .ok16] .51| .302) .0063] .oko3| .55
g.g «366] .0081| .09%63 | .5L] .359] .0065| .0537| 51| .366] .coTH| .0535| R- - -] = = =] « = =] ==
1.98] 0 |o [+] 016k | .37]0 o] 012 | L3610 0 L0138 .39})0 (o] .0123] 46
.5] .019{ .c00k} .016% | .36} .019| .0005| .01k2| .36| .017} .0005{ .0138| .39( .01T7| .0008| 0126} L6
1.0| .oko| .oo0k| .0168 ] .36| .040] .0005| .01hT| .36| .03T| .0005| .0138] .ko| .035| .0008] - ~ -] U5
1.5) 061} .0007| .OITT | .37| .062! .000T| .0156| . .060| .0010| .01%2| .ho]| .059| .0013| .OL3T|{ Bk
2,0f .08%] .0008} .0189 | .37] .08} .000T| .0168{ .36} .081| .0010| .0161| .39} .081| .0008| .0158] .
3.0 127} (0013} .0227 | .37]| .124} .0010} .0205| .36| .119| .001k| .0198! .39} .12k| .0013| .0188] .45
k.ol .172| .0023] .0281 | .38 .167| .0015| 0257 | .36~ = =| - = =} - - - 52| .168{ .002k] .0e37| .45
5.0| 7| .003kf .03%0 | .38] .210| .0019| .0326| .36 .207| .0026] .0316| .ko} .212| .ooek| .0307( .45
6.0{ .261| 0045 | ;OL3T | .39[ .253| .0025] .0k10} .36 .251] .0029] .Ohoz | .o} .258] .0035| .0396| 45
8.0{ .349} .006k} .06%2 | .ho| .343| .0039{ .0627 | .38] .3ho| .o0k6| 0617 | .1} .3k7| .0056| .0608| .46
10.0| .¥40| .0080| .0937 { .ke ! .k30| .Q05h| .0907( .39| .U30| 00501 09181 ) . 0070] .091h) 18
12.0§ 531} .0201]| .1293 | .uk] .=1| .c0T2| .1259| k1| =22 .o0OTh| .1262| . .543| .0093| 1288} AT
e e IR Y SIS Iy e s .0102| 1703 b2 . 0122] 1768} N7
ig.g---,------ ==fF -] ==<l=«-}=-] .ThO| .0139] .2306} .b1| .76T| .0165| .2370] .55
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TABLE II.~- LIFT, DRAG, AND PITCHING-MOMENT COEFFICIENTS AND
BASE PRESSURE RATIO FOR ATRFOILS TESTED ~ Continued
(d) Basic airfoil: Biconvex to c¢/2, t/c = 0.04 - Continued
(2) h/t = 0.6, b/e = 0.05
Re3.5x10°% - R=3.5x108 Re2.0X10% Re.0X10°
" , Trensition fixed Airfoil clean- Airfoil clean Airfoll clean
deg
¢1 | em ca P %2 ) Cm ¢q |Pp/P| ©1 | cm ¢da /| ¢t | co Ca  pppp
145 0 o o} 0.0206 { 0.52 |0 o 0.0191[0.55 |0 o 0.0176 {0.%9 0 o 0.0160 |0.69
.5| .o30] .0017] .c215| .3| .033{ .0015| .0196] 54| .033] .00L3) .0185] .38| .035{ .0021| .0LT3| .67
1.0} .064| .0023( .022T{ .50| .065| .0022( ,0202| .3L{ .066( .0023]| .0190| 58| .OTl! .0029{ .O0L79| .
1.5} .099| .0025{ .0239 | .51 .099{ .0024{ .c217| .54 .102| .0030| .0208| .5B( .106] .0034| .020L| .65
2.0l .134} .0035| 0250 | .51| .13%] .0032| .0236| .54] .136} .0035! .0229| .58| .lh2| (0044 G219} .
3.0| .208] .0056| .0326 | .| .205| .00k5{ .0302| 55| .209| .c0%R| .c29K| .58| .215| .0052} .0289| .63
h.o| .288] .0085| .obico | .54| .279| .0088] .0371| .55| .283| .007h| .038[ .58| .294| .0085% . 63
5.0/ .36k .0123{ .0533] .57] .357| .0200| .0509 .56 .362| .0205| .0507| .58{ .376} .0133) .050%| .65
6,0| J036] .0167] 0662 | 61| 43T| 0150 06Mh| 631- = -] = = =] = = =] = =j= = o] = = =) == ===
1.98 0 |Jo o] 016 | LJhljo [+ 0121] 480 0 0120 570 o} L0119 | .65
.51 .018] .0008| .0150| .ho| .o17| .0007] .0123} .4T| .018| .0009| .0122| .56| .019{ .0OLL| 0122 .gE
1.2] .039] .co10| 0131 | .4o| .038| .c010) .c12h| (48| .038] .0013} .012k| .55 .039] .0013] .012L]| .
1.5| .059| .co1k| .0160 | .41{ .058( .0015| .0132| .48} .059| .00LT] .0133[ .55| . .0021| .0138{ .6%
2.6] .081] .0015) L0172 | L] .cBo| .00a7| .o1k5| (48] .0BL| .oc21lf .OL4k| .56 .0BM| .0021] .0148( .
3.0| .123| .0023} .0209 | .ki| .122| .o0e2| .0181 .48) .123( .002T| .OLER gg Jdes| 0032 L0189 .61
b0l .167| .co31| .02 | 41| .165| .0031] .c23k| .L7| 267 .0036] .0235] . 271 L00M8| .o2hl| .61
5.0] .211{ .oola| .0330 | .k2| .213| .0039| .0307| .47| .213| .00M6] .0306| .33| .2LT] .0c0Z4| .031l| .9
6.0! .256| .o00%2! oL13| k2| .253| .004B| .0391] .46 .232 .0055( .0390{ 52| .261] .0064] .choo| &
8.0] .3i5| .0075] 0627 ] .Ukl .3UL] .00TO) .0606| JBLE] .3 L0078} .0606 % .34o! .0088! 0619} .58
10.0] .35 .0100| 0909 | .u6| k31| .0093} .0888! .43| k32| . .0888¢ . 3| onsl L0010 .55
12,0| 2] .0131| .1257| .hg| .=19| .0119] .i23h| 43| .e2| W0125{ .1243} 48| .Skl .olk2| .1289] .5k
1%.0] .621] (0164} .169% | .51| .618{ .0148] .1667] .l2| .626] .016k| .1TO2| .%6| .650| .0182| LITTL ?6
16.0] .732] .0234f 2261 | .33 .T25| .07 .2221f 2| .fhe| .0211[ .228k] (43} .T66{ .0236| .2367) .
18.0]- = =] ~w =]« ma| = w]m e oo o] o -] -] 869 .0305] ,3001) (U3|w = =] =~ of ~ =] ~ =
(3) b/t = 0.3, b/e = 0.05
Rm3.5%10% R=3.5x10° R=2.0X10% R=1.0X10%
M o, Traneition fixed Airfoil clean : Airfoil clean Adrfoil clean
deg
€1 | em g |Pp/P|.%21 | cm cq |[Pn/B] ©1 | ca ca ol 1| em ca  [Pp/e
1. 0 |o [¢] 0.0167 | 0.40]0 o] 0.0136{0.%6]0 o 0.01210.75 [0 0 0.0120]0.80
.5| .030{ .0019{ .017% | .k1| .031| .0016] .oik:r| .56] .032| .0020| .0129] .Th [ .034%] .0018) .0x31( .80
1.0| .062| .0027| 0281 | .k1| .06k| .0023| .ol4T| .56] .065] .0029| .0137| .73 .068] .0031f .0237{ .79
1.5| 096 .0035| .0195 | .k0| .09T| .0030| .016k4( .56}~ - - .0039| .0169| .71 [ .104] .o0kk| ,0158] .78
2,0( .130] .ookl| ,0215 ( .h1} .131] .0038] .0x82| .57| .132| .00k5| 0176/ .70| .139| .o00k9] 0277 .76
3.0| .201] .c068} .0275 | Ju1{ .200| .0057( .o2h2| .59] .204| .c066| .o2M1] 68| 2111 .0078| .c2kk]| .75
L,o| .erh| 0103 .0362 | 4| .272{ .0085] .0327| .60} .269] .0092| .0325{ .65{ .289] .01Il| .0339 .T2
5.0 .349| Jo1k1| .obe [ .56} .347| .0121] .okko| .G0) .3%2) .0132| .okkB| .6k .368| .0138| .okéo| .10
6.0} b6l .0186( 0614 | .60} .h25| ,0169| .0588| .60{ .531} L0185 .050L] Gl - 2l - o ol W o] - -
1.8 o |o o 0119 | JA5f0 o .0090] .58[0 0 .0093] .T3 |0 ("} 0106| .
W5f .019] .0009| 0122 | 46| 028} .0009] .0093] .®8] .020) 0022 .0098] .73 ] .022} .0011{ .0210 ;3
1.01 .039{ .0013{ .012Lk | .L6| .037| .0012| .0097| .5T| .039| .c018| .0101]| .72{ .Oh1! .0016| .0:19| .79
1.5| .060( 0018 .0133 [ 46| .0 .0017} .0105| .5T| .061] .0023| .OXIL| .71 .062] .002k| .0128} .79
2,0} .080| .0017| .01k | k6| . .0019| ,0118] .56] .081| .0029! .0124{ .71} .082| .0032{ .0238} .78
3.0( .122} .0026| .0181 | .L6| .119| .0028| .0153} .56 .122] .0037| .0161| .69 .124| .00ko| OLTT| .77
0] ,164) 0038} .0231 ) .46} .160f .00KO| .0203] .55] 164} Q0%0} .0210{ .67 .167] 0056} .0228] .7k
5.0| .206| 0051 .0295 | .U6| .201} .00k9| ,0266] .53| .206] .006L| .0279| .63| .209] .0065| .029h| .72
6,0| .248| ,0061| .0376 | .W7{ .243] .0061f .o347| .53| .248] .o072| .0360] .6k .253] .0080| .0379f{ .T2
8,0 .384| .0089| .0581 | 47| .328] .0087| .05%2] .hg| .333] .ow00L| .05T0| .61 .337] .ou12| .0657| .68
10,0| 419} 0122 08k | .48} .k13| .0112| .0839} .48{ .418| .0125| .0858! .57| .kes) .0139| .0822{ .61
12,0} 508} .01%3] .1187 | .5L) .L4g9} .orke] ,1253] 46| .306] .0153| .1182| .5 | See| .or7H| .1230] .57
1h.0f .6o4| 0193 1611 | .55f . .0173] 1581 44| .605] .0188] .1621{ .bk&| .605| .021k| ,1684] .50
16,0 708§ .0265] 2147 | 57| 703 0222 .2115] .h2| .716] 0240l .19k7| JU43] W736] 0262} .232L] k9
18,0| .Beat .03%0f 2791 | .61 .823{ .0311] .2790| .A4T| .837] .033k) .2855] .45 .B6L| .0360) .29%0| .46
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TABLE IT.- LIFT, DRAG, AND PITCHING-MOMENT COEFFICIENTS AND
BASE PRESSURE RATIO FOR AIRFOILS TESTED - Continued
(@) Basic airfoil: Biconvex to c/2, t/c = 0.04 - Continued
(4 n/t =0, b/e = 0.05

R=3.5x10° B=3.5x108 Re2.0X10% Ral.0x10%
u @y Transition fixed Airfoil clean Airfoil clean Afrfoll clean

de,

¢ ez | om ¢a |Pp/P| %1 | cm a || S1 | e ey [Po/P| ©1 | ca Y

i.kslo o 0 0.0128 { - -Jo (+] 0.0125| - -fo (¢] o.on17| - -j0 o o.01R | - -

.5t .030| .oc22| .0131 | - -} .031] .0022| .0128} - -] .032] .0021( .0221| - -| .030( .0021} .0111] - -

1.0f .061} .0036| .0138 | - -| .062{ .0031] .0134] - -} .06&2] .0035| .0130| - -| .065| .00k1] 0114 ] - -

1.5| .o9%| .00k6| 0151 ]| - -} .095] .o0k1| .0147] - -] .095| .00k7| .02k1| - - .097| .0059| .o1k0| - -

2.0 .128] .0057( 0171 | - -| .128] .0051| .0167| - -] .129] .0056{ .0161] - -| .134( .0075| .0o1mL| - -

3.0( .196| .0086] .0228 | - -| .195} .007T5| .0e23| - -] .198] .0081] .ce18] - -{ .202] .0108] . - -

5.0f .268] .0123| .03tk | - -| .266| .010T| .0305| - -| .268| .0115) .0299| - -| .276] .0143] .0295( - -

5.0] .3k1] .0167| .0kl } - -| .340| .0143| .ok15f - -| .3k2| 0157} .ok11} - - .357| .o291f 0418 - -

6.0 .17l .0213| .0%60 | - ~{ .418] .0193| 0559 - -| 420 .0213| 0554 | - —fe = =} - = —-f - = o] - -

1.98t0 |o 0 L0098 | - -lo (¢} .0083 - -|o o L0063 | - -0 0 L0067 | - -

+3| .019] .0013| .0099 { - -} .019| .0Ok| .00B5) - -} .018| .0010| .0072] - -| .018| .0013] .0065] - -

1.0 .039] .0019( .010L | - -{ .039| .0023] .0088] - ~| .039| .0021| .0076] - -| .039] .0021| .0077| - ~

1.5] .059} .0025| .0109 [ - -| .059| .0026| .009%| - -| .058| .0033{ .0083| - - .060) .0032] .0085} - -

2.0| .078] .0030| .0220 | - -| .079| .0029| .0106| - ~| .078] .0038| .0094| - - .080| .00k3| .0100] - -

3.0| .120} .00k} .015% | - -| ,119| .00k1{ .0139f - -| .120| .0051) .0129) - -| .120} .00&2| .0132 ] - -

k.of .161}| .0055| .0203 | - -] .160( .0055( .0190| ~ -| .160{ .0067| .0L7T| - ~| .263] .0080| .0L79 | - -

5.0 .202| .0067| .0265 | - -] .202| .0066] .@50| - - 2021 .0079| .02k2]| - -| .206] 009k | 0286 | - -

6.0 .24k} .0083| 0345 | - -| .2hk| .0080) .0328{ - -] .2%6| .009%] .0321) - -] .251| .0107] .0%28] - -

8.0f .329¢ .0117{ .05k | - -} .328| .o10| 09| -~ -|- - -| - - -| - = | - -] .333] .ousk| .0%6] - -

10.0{ .14} .01511 .0806 | - -] .k12) 0141 0793 = == = =| = = =} = - -| - -| k22| .0175| .07%9} - -

i2.0f .501) 01891 1138 | - -| 500 017k .1126] - ~|- = =) - - o] - e S} e efe - af -2 - Sl - -

1k.0f 594} .0230] .1551 | - -| .593| .0211| .15h0| - |- - -} - - - - - | ~ -] .625] .ce54| .1622] - -

ﬁ.o .T00| .0295] .2078 | - ~| .69%| .0262} 2048} - -|- - =f = = -} = = =] = o] 736} .0313] .2169] - -

Ol = @) = = ] = - - i Rl B T T ity PRy R RN [ ey RN

(5} n/t = 0.6, b/e = 0.50
Ra3.5x10° R=3,5%108 Re2.0x10° Rul.OX10S
X o Transition fixed Airfoil cleen Afrfoil clean Alrfoil clean

de,

!l o] o | ca [l o) e | ca | &t | e | % Posp| 2| ca | %@ [opm

.50 Jo (] 0.0195 | 0.46]0 (o] 0.015010.53 |0 o 0.0145(0.56 {0 o jo.0141 10.63

«5| .037| .0014} .02ce | .k5] .033] .0012| .0156| .53} .032| .0015| .0151| .56 .033] .0016} .0153) .61

1.0l .070] .0019} .0210 | .45) .066) .0016| .0L64| .53| .067| .0019| .0159| .56| .0T0] .0016| .0260] .58

1.5| .105] .0026 .0228 [ .Lk5] .101) .0019| .0182| .53| .102)| .0023} .0277| .56| .109| .coek| .0183) .56

2.0 .141| .0031| .0250 | .45} .135]| .0029| .0202| .53] .137| .0028] .0198] .55( .145| .oo0ee| .o20k .Sk

3.0} .215] .0051| .0318 | .Mk} .208| .003L| .0267| .53| .209| .ooko| .026k| 56| .221| .00kT| .0273| .55

k.0| .289| .0079] 0408 | .45| .281| .005k| .0354| .54] .285| .00l .0353) .56( .300} 0072 .0365| .56

5.0] .3681 .0108} .0328 | .43] .358| .0081] .okTh| .55} .3621 .0088| .0476| .57| .381| .0100| .0uBR]| .G

6.0| k6| .0135] .0669 | .k7| .Mio| .0123] .0626| .55} .uhh| .0134| .0619] B4}~ = ) - - - - - - TL




32 NACA TN 4039

TABLE IT.- LIFT, DRAG, AND PITCHING-MOMENT COEFFICIENTS AND
BASE PRESSURE RATIO FOR AIRFOILS TESTED - Continued
(8) Basic airfoil: Biconvex to c¢/2, t/c = 0.04 - Concluded
(6) b/t = 0.3, b/c = 0.50

Ra3.5X1CP R=3.5x108 R=2.0x10°® Ral.0x10°
M oy Transition fixed Adrfoll clesn Airfoil clean Airfoil elean

deg

€1 | m ca [Pyl G2 | om cd fenfe| °1 | cm ea [ew/ef 1 | em ca [Py

1.5 0 {0 . |o 0.01%7 | 0.43]0 3] 0.01%2 [o.k9 0 (6] 0.0133]0.52 o [} 0.0127]0.53

.5| .030( .0017{ .0160| .43| .030| .cO1h| .0148| .4g| .032)] .colh] .0139| .5e| .034] .0015| .o13k| %2

1.0f .063] .0025| .0167| .h3| .02} .0019| .0155| .ug! .065] .0022| .oikT| .52} .069[ .0026] .0143| .%R

1.5| .097) .0033| .0184| .43} .095| .o02hk| .0170| .kg| .100| .0030} .0164] .53 .103) .0036] - - -] .33

2,0| .130] .0039| .ce01} .| .129| .0030| .0188| .%9] .132| .0o34| .0182 .%3| .1so] .0037| .o0179| .55

3.0f~ - -] .0068] - - -] .4k| ,198] .ook7| .025%0] .4g| .203 .c05k| .o2ls] ,Sk| .213] .0060] .o2uk| .B6

.o 27| .0098] 0351 .k5} .272| .00TO| .0333( .L9} .277| .0076| .0333| .54| .290| .009e2| .0330| .62

5.0| .348| .0131| .ok62 ] .46 .3%3) .0102} .obLs| .hg| .351| .0008] .ouk8| .55] .369] .0130] .Ok%0| 6L

6.0 .keh| ,0167| .0603{ :46] .h20]| .o1h5| .0%89| .h9| .k30| .01%%] .0m931 56]- - -] -~ < - - -] -~

1.98] 0 |o 0 0112} .43]0 0 .00%2] .37]0 o - | .0089| .hk3]0 0 L0081 .66

.5 .o17| .0020f .0113| .43( .018{ .0007| .0095} .37| .020| .0009| .c090( .43 .019} .0008{ .0084| .65

1.0} .037| .0013| .0116| .43| .039| .0010| .0097| .37| .039| .0012] .0095| .43} .039] .oo1h] .009L] .65

1.5| .0%8) .0016| .0125}| .43} .060) - - -] - - ~| .37| .060) .0018} -~ - -] .43] .062] .0016] .0099| .6L

2,0| .o18] .0019| .0136| .43] .oT9]| .0026{ .ormxg| .37| .081| .0018] - - -| .43] .081] .0029} .o110( .65

3.0{ .118| .0025f .017T1| .43] .121| .0022| .0155| .37} .123] .0029] .0151] .45] .126| .0030] .0150| .65

h.of .160( .0036] .ce2o| .43| .162) .0031| .c20Ok| .3T| .165] .0038| .o201| .4T{ .167) .ookl] .0197) .65

5.0] .202] .00k5| .0c273} .BLf .20%] .0038] .0268| .37] .209] .00k3| .0264] .49} .213]| .0050| .o262] .63

6.0| .24k| .005T7| .0363§ .uh| .2kT| .ookg| .o3kg| .ko| 251 .c0s5| .0388) .s0| .25%] .0063] .0343] .66

8.0| .328{ .0083} .0%65] .i4{ .330| 0071 - ~ -{ .h2| .335{ .0079| .0557| .ho| .339] .0058| .o558| 6%

10.0| .k1k| .0108] .0831] .47| .h20| .0093| .0826| .hk| .h22] .0l00] .0828| .h9| .L431| .o122] .0833| .57

12.0| .bg9{ .o1ko| .1161| .18| .s03| .0123( .1159] 43| .s07| .0133| .1167| .u4T| %6 .0150{ .11 .55

1k.0] .59k .0166] .158% .5Lj .597] .o1%2] .1579] .42| .60%K] .o164| .1601f .4k} .629| .0191| .165k{ .m0

16.0] .701| .0e35| .2na7| .59) .701| .0196] .2179| .h2|- - | ~ - -} ~ - o] - -} .738) .0237] .2214] .k6

18,0]- == == m e o] acfa ol e e ] m e w e am o« o o] - -] B2 L0344 .2907] .43

(7) B/t =0, bfe = 0.50
Ra3.5x10% R=3.5x10°% Re2.0X10% Rel.0x105
" ay Transition fixed Airfoil clean Afrfoll cleen Alrfoil clean

de

& ¢ oy ey Py} %1 Cm G || & cm ed [rp/fr| @ Cm e |Pp/P

1.45) 0 o o} 0.0119 | - -0 o} 0.0105} - - o 0.0095] - ~j0 o] 0.0093] - =

.5] .029] .0019] .0122 | - -] .029] .0018) .0106| - -| .027] .0018) .0098| - -] .C2T| .0020{ .009k| - =

1.0| .063| .0034| .0229 | - -] .063| .0031| o112} - -] .063] .0033| .0MOK| - -| . .0038| .0100] - -

1.5 093] .ook2| .01k1| - -] .092) .0039| .0126| - -] .092| .00kO| .0119] - -| 094} .oOM3} .0117| - -

2.0| .126] .oosu| 0162 | - -] .125} .oou7| .01u6| - -} .225] .0050] .0A40| - -} .130] .006%| .0138) - -

3.0} .195] .0079| .0222 | - -] .193]| .0068§ .0205] - -] .195 .0198) - «] .200]| .0090] .0L9T| - ~

40| 266| .0113| 0310} - -] .263| .0095| .0288} - -] .268] .0003} .0284) - -| .276] .0122] .0288] - -

5.0] .338{ .01sk| .oMg{ - -{ .336] .0131| .okoo{ - -| .330( .0241]| .0396] ~ -| .3%R| .0169] .okO7]| - -

6.0] k13| .0198] .0556 | - -] K11} 0179 .05%0) - -} 419 .0197] .O5k2]| - -] . 0194| .0%5%3] ~ -

1.g8] 0 |0 0 0093 [ - - o] 006T| ~ -0 o .0062) - -|0 o] 0084 - -

5] .o019) .o0011f .0095| - - ’o 019| .o012| .00TOf - -{ .018| .0009] .0063] - -| .018} .0008| .006%| - -

1.0{ .o039| .oo17| .0097 | - -| .ouol .0018] .0OT3| ~ -] .OM2| .0021| .0O6T| = =}~ = = .0O24| .0OTL| - ~

1.5| .0%9| .0023] 0006 | - ~| .057| .00} .0079] ~ -] .056] .0026] .COT2| - -] .05%] .0029) - - - - -

2.0l .09} .0027] 0116 - - .OTT| .0028] .00%1| ~ -| .OT6| .0033| .0085} - -| .OT7{ .0OkO| .00%2| - -

3.0] .119] .0039] .0150{ - -] .117] .0036) .0124| ~ -] .119| .00k3| .0121] - -| .119| .00%0| .0123] - -

L,0f .160| .0051| .0199| - -] .159} .cou8| .o175| ~ - .160( .00%2| .oL70) - -] .160) .0058] .0L7S} ~ -

5.0 .200f .0063} .0261 | - -] .199]| .005¢| .0237| - - .200| ,0065]| .0233| - -] .203] .00T8| .C2, - -

6.0| .242| .00T6) .03k1 | - -] .2h0] .00TL| .0316] ~ -] .241) ,0078} .0313} ~ -| .243]| .0095f .0311] - -

8.0} .325| .0107| 0538} - ~| .325| .0097| .05LT} ~ -| .328| .0105 - =] . .0119| .05%] - -

10.0] . lolk2] .oT - - Jho2| .0123] .oTTT] - -| k12| .0131) .oT8k] - -} .kigi .01%1| .OT9O{ - ~

12,0] .kg2| .0160]| .1119 ] - -] .hg2] .0151 -~ -} .500] 0157 1116] - -{ 516 .0177] 1151} - -

1k.0} 587} .0216| 1532 | - -| .58%| .0183} .1513| - -{ .597{ .0190{ .1546| -~ -|-.616] .cRlL] .1 - -

16.0] .693] .0313 2057 - -] .688 0231 - =] .T05) .02kT| 2080} ~ -| 728 .0275] .2216] - ~

18.0 - - - - - - - -

-8k | .o3k7| .27He




NACA TN 4039

TABLE II.- LIFT, DRAG, AND PITCEING-MOMENT COEFFICIENTS AND
BASE PRESSURE RATIO FOR ATRFOILS TESTED - Continued
(e) Basic airfoil: Biconvex, t/c = 0.04

R=3.5x10% R=3.5x10% Ra.0X10® Rel.0x108
a, Transition fixed Alrfoil clean Afrfoil clean Alrfoil clean
M
de
8 e} en eq  [(Pp/Pf ¢1 | ©om ca [Pp®| 1| em ed (Ppf| ¢ | ©°m 3 (Po/P
1.k51 0 |O 0 0.0121 | - -0 0 aollsf - -|o [+) 0.0108| - -0 0 0.0095| - -
.5 .030] .0015| .0122 | - ~-| .030| .00k | ,0116] - -| .028{ .0016{ .0110| - -| .0RT| .0023| .0MO5| - -
1.0} .065| .0028] .0131 | - -| .06k} .0027 | .0123] - -] .064| .0032] .om16| ~ -| .069| .00LS| 0110 - -
1.5( .096( .005%| .01k | - -{ .09%] .0035 | .OL36]| - ~| .09 .0039{ .0129| - -1 .093| .0056) .012L] - -
2.0l .128] .00%| 0164 | - -} .128] .00k8 | .01%6| - -} .126| .0053| .01%0| - -] .129] .0OTh| .0LKE]| - -
3.0] .196| .0079| 0223 | - -| .196] .00T2 § .0213| - -| .196] .0080f .02k9| - -] .201| .0097| .C2OL} - -
k0| .268| .011k] .0309 | - -| .267| .010k | .0299| - -| .268| .0111| .0283| - -| .277| .0130| .029%4| - -
5.0] .34L| .0156| .0k20 | - -] .331| .olhk | .os02| - -] .343] .01%2| .okog| - -| .345| .018e| .0 - -
6.0 k18] .0205) 0560 | - -] W16 0192 | .0533) ~ -] .B2O| .0212] .O555) - = - -] == =] ===}~ -
1.98]0 |[o L0001} 0095 | - -0 ] L0071 - -lo o] 0071 - =P o 0068 | - -
.5} .018} .0008!| .0095 | - ~! .019| .0011 | .007H| - -} .019} .0022| .0OTL| - -] .0L6] .002L| - - - | - -
1.0] .okl .o017} .0100 | - -| .ok0| .0019 | .0OTT| - -} .O4O} .0025] .0075| - -|..033| .0026| = - - |- -
1.%] .0%9] .o020} .0107 | - -] .058] .0023 | .0083] ~ -] .057| .0029| .0081) - -| .055] .0032| .0080 | - -
2.0| .018| .0027{ o117 | ~ -| .078] .0030 { .0095| - -| .078] .0038| .0092] - -] .07T5| .00L5| .0096| - -
3.0| .120]| .oo0k0| .01%2 | - -| .118] .o0k1 | .0131) - -| .118| .cokk| .0128| - -} .11T{ .0056| .0128 ] - -
L.0] .1%9| .0050| .ce00 | - ~| .160| .0O% | .0178] ~ -| .161| .0059] .0179| - -} .161| .0066] .02EL |- -
5.0l 201} .0063| .0263 | - -| .202| .006k | .0243| - -| .201| .00T3| .0239| - - | .204| .0083| .024L |- -
6.0} 242! .008L] .03k | - -| .24k1) .0080 | .0320| - ~| .2h3| .00%0} .0322} - -| .246| .0106] .0321] - -
8.0} .327| .o111 - -[ .324[ .0108{ .0%22| - - .329] .0119{ .0523{ - -( .333( .0135] .0%RT| - -
10.0| .h10] .o1k2| .0805 | - -| .ho6] .0136 | .0T81| - ~| .hO9| .0251| .0785) - -| k21| .01T3 - -
12.0f .kos5!| .o177f .13k | - | JAho2| 0268 | .1113] - -} .M95| .0177| 1116} - -| .512| 0201} 1145 - -
14.0| .586] .cei7} .15k | - -] .583| .0203 | .1519) - -| .595] .0215| .1sWT| - -] .617] .0243) 1596 - -
16.0| .692| .e68| 2059 | - -| .688| .0256 | .203T| - -| .703| .0273| .2082| - -] . 0302 2181 - -
18.0( .802| .03u5{ 2678 | - -{ .8c2| .03%6 { .2680] - -| .823| .0376] .27%0] - -} .Bh7i{ .oko5| 2822 - -
(£) Basic airfoil: NACA 16-00h
(1) n/t =0.
Re=3.5x10°% R=3.5x10°% R=2.0x10% Rel.OX108
M o, Transition fixed Afrfoll clean Airfoil cleen Airfoil clean
de,
|l ea] em [ ca [mop| 2| o | ca fop| 2| em [ ca Pop| e | em | ca [l
1.k.51 0 jo 0 0.01719 | - -|o [¢] 0.0153] - -|o o 0.0150| - -0 lo 0.0145 | - -
.5} .034| .0018] .0182 | - -| .030| .0017| .0160| - ~| .029| .0c21] .01%6| - -| .032]| .0024]| .0156] - -
1.0 .06k} .0034{ .0193 | ~ -] .063] .0031] .0168| - -| .061| .0036] .016Lk| - -| .063] .00k2| .0161| - -
1.5 .095{ .ook7| 0207 | - -| .092| .0036} .0181] - -] .09h4| .0048] .01TT| ~ -| .093| .00%3] .o17H| - -
2.0[- =) == =] === - -] .125| 0053} .0199| - -| .326] .0061| .0196| - ~| .227| .007%| .019| - -
3.0{ .194} .0088| .0282 | - -| .192} .0073] .0258| - -| .193| .008% .c2:| - -| .196| .0087| .c2%R| - -
bof-=-~-t ==-l=-=-=~[=--| -261{ .0099| .0338| - | .262| .o122| .0335| - -{ 270 .0123] .033¢| - -
5.0]|= = =} =« =] = ==] - -] .33%] .0133] .Okk2| - -| .334| .0Lk1| .OU39| - -| .342| .0150 - -
6.0] .ko5{ .@i7) .0%89 | - -| .hko2| .01TO| .OSTS| - -| . 0173 o576| - ~]- = =] = - =f - = -] - -
1980 |o 0 o1k | - -loO o] L0116} - -j0 0 .0115] - =|O o] .0123] - -
S5 .020f .0009| .0147| - -[ .020| .0013| .0120( - -| .019| .0018 .0123| - -| .022{ .0032( .0135) - -
1.,0] .oko| .oo17| .o1% | - -| .OhO| .0022} 0124 - -| .037] .002Y4 .0125) - -| .ok1] .0032| .01%0) - -
1.5 .0%9! .o02s} 0160 | - - .002g9| .0132| - -| .0%8]| .0037} .0133]{ - -| .061| .ooL8l .01L9) - -
2.0 .080} .0031| .01TL| - -| .O78| .0034j .01k3| - -} .OT8| .0046] .01L8| - -] . L006L| 0157} - -
3.0| .121) .0046 .0206 | - -| .119| .0050| .01T8| - - .120} .0059| .0183| - -} .123| .0069] .0196| - -
k.ol .163} .00} .ces5) - -] .160] .o06%] .0230) - -] .163} .0072] .023k] - - .170| .0093) .0259] - -
5.0 .205| 0078} .0316| - -] .201]| .0081| .c292) - -{ .203} .008% .o297| - -| .207{ .0101| .0315| - -
6.0] .246} ,0097| 0394 | - -| .243| .0096] .0373| - -| .246] .0103 .0380| -'-| .2%6] .0124] . - -
g.0| .3l .o131} . - -] .325 .0133} . - = .328{ .0139{ .0576] - -| . L0167 .0615] - -
10.0{ .13 . 0853 | - -| .423]| .0164] .0851] - -] .Mo| .0164 .0838| - -] . .0178| .0875| - -
12.0] .k99| .c2o7) .1179) - - .ko2l .0197| .11b4T| - 4] . 0198 .1170| - -] .500] .0222] .1228| - -
15.0| .586} .0e50| 1615 - -| .=86| .0e28| (1556 - -| .%ok} .oe38 .1583| - -| .619] .ces7| .1658) - -
16.0] .705| .0250| 2121} - -] .682| .0275| .2089) - -| .699| .oe282] .2107| - -| .721] .0312) .2183) - -
18.0] .814| .0298] .2736| - -] .801f .0271| .2692| - -| .812| .o03k5 .2739] - -] .8%1] .0328] .2802} - -
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TABLE IT .- LIFT, DRAG, AND PITCHING-MOMENT COEFFICIENTS AND
BASE PRESSURE RATIO FOR AIRFOILS TESTED - Concluded
(f) Basic airfoil: NACA 16-004 - Concluded

(2) n/t = 0.3
R=3.5x10% R=3.5x10° R=2.0x10% Ra=1.0xX10%
¥ o, Transition fixed Airfoil clean Airfoll clean Airfoil clean
deg
%1 | en ca [P | G| om ed |Pp®| %1 | om ea (p/p| e | cm ed  [Pp/P
isl0 o 0 0.0207 [0.55 /0 [¢] 0.0174 - -0 0 0.0169[0.58 10 0 0.0168 [0.62
5| .033] .0017| .c230 | 45| .033] .0023| 0278 - -] .033| .0015] .OL7Ef - -1 .033] .0010]| .OL7H]| - -
1.0] .065{ .o0e6] .c216 | 45| .065| .0021l| .0185 - -| .06k| .0025] 0179} .59| .067] .0020| .0179 .58
1.54 .097| .0036| .0232 | .46 .097] .0029) .0199] - -| .098| .0034| ,0194| .50{ .101| .0033( .0196| - -
2.0f .131| .o0ol&j .02%e | 46| .129) .0032| .0216| - -| .131] .0038] .o212 137( .0038| .021k] .60
3.0( .199 .0311 W .1961 .0051] o2 - -[ .198| .00%%| 0272 .60| .208| .00%9| .027%| - -
L,0| .268] .0085] .0388 | .U6| .266] .00T2{ .03 - -1 .269] .00T8[ .0350{ .65| .281] ".008L| .0356| .TL
5.0 .339| .olok] .okg3 47| .338] .009T7| .0k6T| - -| .3k0| .olc2{ .04S9| - -| .358 .0113| .OhTO| - -
6.0| .M13| .0128} .0623 48| k3| o127 . - ~| .416] .0132] .0598] .6T[- - -| = = =] = = =| « =
1.98|0 |[o o 0154 | k3o o} 0128 k6|0 o 0124 5610 0 012L .67
.5 .c20} .o009} .0155 | 43| .021| .000B! .0127| .46{ .c22]| .0009| .0128; .51 .021| .0016| .0126! .

1.0| .o40| .0016] .0158 | .43 .oui| .coik| .0129( .48[ .oh2]| .o0LL| .0130| .51| .obk2| .0016| .0129
1.5| .05 .ooec| .0166 | .43| .061| .0020] o138 .48{ .oé2| .o021] .OLkO| .Z2| .06 .0021] .O137| .70
2.0 .081| .0027| .0178 | W3] . 0023( .01hkg .48| .083| .0026| .0LLS8| .59) .084] .0026( .OLWT| .TL
3.0| .121] .0037{ .c213 | .4k .122| .0034| 0186 .50| .123]| .0037| .0184 .65] .126f ,00L7| .0282| .70
Lo} . ooso| . k| L165] .oob7l L0235 52| .166| .00%1] .023% .65] .1T1| .0063) .0233| .TL
5,0] .206] .0063| .0326 | k5| .206] .0038| .c298 .56| .206| .0063[ :0297| .€5] .211| .0071| .0299| .69
6.0| 248} .0076] .okot | 45| .249! .o07TL] .0380] .60| .250| .0O77} .0381] .65| .2%5 .0084| .0382{ .TQ
8.0( .333( 0103 . .47 .333] .0100| .0583 .s9| .333| .o111] .0583( .61 .338( .0121| .0586( .65
10.0| .418] .0133 .087k | .ug| k16| .0130] .0846 .53| .415[ .0139| .0845| .%5| Jh25y .0156] .0858| .57
12.0f .506] .0166{ .1208 | .=2| .soki .0158| .1183 .hk7| .502) .0166| .1181] .k9| .5el .0189] .1216| .55
1,0{ .597] .0202| .1619 | 37| .595| .0186] .159W .k3] .308( .o199| .1604] .Lh| .622] .0226( .1660| .53
16.0) .692] .0235| .2108 | .62| .693] .o22l| .2100 .42 .703| .02k1| .2134| .k 7@ .0268] .2202| b9
18.0) .796] .0280] .2708 | .62| .803| .o277]| .2TRl .k2| .B16] .o2g9k| .2770| .k0| .8 .0328] .28h7| b7
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) TABLE IIT.- SUMMARY OF RESULTS

Basic airfoil: dog ( 1
Configur- canvex Rough- B, pe: —_— [
ation b1 tle = ;?{213 ¥ ness million Ta dey “min z max Topt

b/t = 1.0, bfe =0 1.h5| sait 3.5 |%.03 Ek.u 0.004 {(0.010) | 0.0139 .23}

1.k5| clean 3.5 |h20|(h.12) | .00k} (.000)| .0120 -~ -

1.k5| Clesn 2.0 k.23|(k.11) |0 010; .0113 PR

2 1.83| Clean 1.0 | *27|(k.21) j .00z] (.010) | .c20R 17
1.98| Balt 3.5 [3.97{(k.20) { .o0r| (.010}{ .00k .16}

1.98{ Clasn 3.5 k.11 ({k.10) |0 .010! .0obe - - -

A = 0.6%3 1. 1.98{ Clean 2.0 {k.02{{k.10 001 (.010){ .00T1 - - =

If(t/2) = 0.0118 in.® 1.98] Clesn 1.0 |%.13{(k.20) | .002} (.010)] .00 (.11)

hft = 0.6, bfc = 0.05 L.AkS| Salt 3.5 |3.88|(k.08) | .00} (.015 01T ( .22)

1.4k3| Clean 3.5 |3.50{(4.08) | .006} (.01%) | .o09¢ - - -

1k5| clean | 2.0 [3.98|(k.08) | -0o7| {.01%) | .c08 - - -

T 1.45) Cleen 1.6 | k07[(%.08 | .003 o:_z 0099 (.:.5;
1.98] Bert 3.5 {3.97[(».06)} { .005] (.01 0082 (.19

1.981 ‘Clean 3.5 [3.76|(k.06) | .0o7] (.01k)| .00k - - -

A = 0.63% 1.2 1.98! Clean 2.0 3.97 [( k.08 0071 (.01 .005T 10.6) - - | .22]- - -

1/(t/2) = 0.011% {n.® 1.98{ Clesn 1.0 |k.02i(h. o011 (.01%) | .o00%0 1.6}(10.7) | 11)(.11)

B/t = 0.3, bfc = 0.05 1.55] selt 3.5 |k.o00|(k.03) [ .01 s.om 0093 10.6) (9.7 | .22|(.19)

1.k5] Clesn 3.5 £3.95{(k.03) | .o1s] (.018) | .o0073 18| - - -} 15]---

1.45] Cldsn 2.0 .03 (k.03 016} (.08 0070 1.7] - - -] AT}- - -

8 ———— 1.45] Clean 1.0 |%.33[(%.03) { .o1k] (.018) { .ooTT 12.5{(2.7) | a5 5.15)
1.98{ salt 3.5 %.02 |(k.03 011 | {.01T, O0TT 9.0f (8.6) | .13{(.13)

1.98] Clesn 8.5 |h.oe|(k.03) | o021} (.or7y| .0033 u.i -] J2E- -

A = 0.589 1.2 1.98] Cleen 2.0 5,00 J{4.03 013§ {.0%T, 00k, 1.k o - o] 09(- - o

1/(t/2) = 0.0096 1n.2 1.98] Clean 1.9 |k.oei(s.03 018( (.01T) | .ookL 12.3[(22.3) [ .10((.10)

Bft = 0, bfe = 0.05 1.k5| Beit 3.5 |k.06|(k.00) | .0e1| (.020 0075 11..3](20.%) | .18[(.18)

1.45 1 Clesn 3.5 |3.90}(k.00) | .oag] (.0e0) | .00TL 11.8f - = -] .3T]- - -

1.35] Clean 2.0 |3.96)%.00) | .ce1| (.020) | .00%8 12.8)| - = -] 2]- - -

9 1.05] Clesn 1.0 19 [(k.00) | .02%| (.020 00 13.4}(13.2] L] 5.15}
1.98 [ a1t 3.5 .03 [(k.00) | ..038} (.020) | .0O&% 9.9] (9.1} | .12 (.13

1.8} Clean | 3.5 [3.2[(n.00) } 015} (.020) | .o0k7 11.6] - < a1f---

A = 0.%53 1n.2 1.98| Cleen 2.0 }3.96{(*.00) | .019| (.020} [ .oOMO 12.7 J0{e - =

z/(t/e) = 0.0087 1n.® 1.98] clean 1.0 |3.95/(h.00} | .cok| (.00} ] .00k 13.8{(11.5) | .09(.10)

b/t = 0.6, b/e = 0.33 2.45] s21t 3.5 |k.00Kb.06) | .o1k] (.01k) | .0209 9.6] (9.2) | .21 §(.21)

1.k3| Clean 3.5 |ko5i(.06) | .o11| (.018) | .00%0 10.b) - - | 18- -

1.%5] Clean 2.0 |%.08K» 010 (.01%) | .o0BM n.0| ---| .a8|- - -

10 1.k5| Clean 1.0 k11 k.g 009 | .01k 0082 1.k 12.7) | -2 ilz}
1.98] Bait 3.5 | w08 (k. 008} ¢.013) | .008L g.7| (8.2) | .ak{{.ul

1.98| Cleen 3.5  jh.05](k.08 L0057 {.013) | 0063 9.9 = = =} Jdl{e ==

A= o.?su in 2 1.98| Clean 2.0 |21 (k. .00%] (.a13) | .0056 106] - = =| A1{= ==

T/(tf2} = 0.0096 in.® 1.98| Clesn 1.0 {%.05[(k.08 009 {.013) | .o0me 1.g (3.5 | .11}(.10)

B/t = 0.3, b/e = 0.33 1.k5 | Ssit 3.5 {3.9%Xk.03 .020| {.015 .008% 10.9[(10.0) | .38[(.19)

1.k3| Clean 3.5 |3.2[k.03) | .015] (. 0082 10.9] - - -] .18]|- -

1.45| Clean 2.0 [3.99k.03) | .015| (.026) | .o0o7L ULT| = = =] 25]s - -

1 1.4% ) Clesn 1.0 |k.0L[(*.03 K 005k 12.5)(23.3} | .16 2.15
1,98 | Balt 3.5  |3.960(k.03) | .013] (.016) | .cOTO 9.3] (8.9} | .12{{.23

1.98| Clesn 3.5 [3.86[(%.03) | .013 0053 106 - < - a1]-~-

A = 0. in.® 1.98{ Clean 2.0 E.g& k.03 02 (. 00%0 11.3{ = - =] Jd1f-~ =

I/(t/2) = 0.008T 1n.® 1.98§ Cleen 1.0 0% .03 016 {.018 .00%0 11.6](12.7) | .23[.10)

b/t = 0, b/e = 0.33 1.h%] Belt 3.5 |3.99Kk.00) | .025] (.019) | .0068 11.9[(106) | .17)(.18)

1.k3| Cleen 3.5 |3.99(k.00) | .c20] (.019) | .0061 2.3 - - -] a3]---

1.45| Clean £.0 <99 |( k.00, 021 (.019 0055 1;.1; - o JAk|-aa

12 1.k5| Clesn 1.0 .00 (k.00 01 (019} [ .00%2 1k.4 .13 { .J.k;
1.98 | sat 3.5 [%ae)(k.00) | .026) (.018) | .0082 10.1 13(.3e

4 1.98{ Clean 3.5 |%00|(k.00 .015] (.018) | .cOB& 11.5 A0 - - -

A = 0.53 in.’ 1.98 | Clean 2.0 |k.a0((h.00) | .018( (.0u8) | .coke 18] - = -] 10|~~~

If(t/2} = 0.0082 in.® 1.56| Clean 1.0 [k.09 (k.00 018 {.028) | .cokc 12.1)(11.8) | ,09/{.10)

Note: Parentheses indicate thecretical values; Wrer kalf of airfoils showm.
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TABLE III.- SUMMARY OF RESULTS -~ Continued

Basic eirfoll:
Configur- Rough= R, Be dag < 1 @

;t:lg:r bic:z/x:e: g? 0;:73 ¥ ness millica Te doy nin (I)m Topt
1/t = 1.0, bje = 0 1.43| 8alt 3.5 [ b.25(k.21) | 0.0026 (o.oeo§ 0.0258| {0.0261) | 6.2] (6.1) |- - =] (0.32)
1.48! Clean 3.5 Lhagl(s, 020t (.020 S023%) - - - e - =]03L] =~ =
1.4%| Clesn 2.0 | L.ok|(k.21 25| (.020 0230 - - - o] 32|
3 - | .55 Clean 1.0 %,39] (k.22 .022| (.000 022 ano'r 6.9 is.h) --- E g
1.98] Salt 3.5 k.ro)g 4.20} | .o1e{ (.019 0179| {,0182)| 5.8 (5.7 | .2=| (.21
1.98} Clean 3.5 [k h.eo; 012{ (.019) | .ouh] - - - -] Ag)---
A w 1,265 in B 1.58] Clean 2.0 | h.01(h.20 2] (.09 OLkh| ==« = | 64 -] 9]~~~
1/(tfR) = 0.0b73 in® 1.98( Clean 1.0 | k.00/(k.20}| .017f (.029 oiko| (.0121)| 6.4 (T.0¥] .21] (.17
b/t = 0.6, bfe = 0.0% 1.k5| saat 3.5 |4.26}(h.23} | .035( (.03%0 ©233F .oabs) | 6.6[(6.2) 33 (.3
1.k5]| clean 3.5 | 4.20{(k.13 .032| {.030 0210 - - - -] 28]~~~
1.h8| clean 2.0 [k.07[(¥.13) | .03 (.0%0) | 012] -~ - | 6.4~ -] 29|~ -

23 N 1.4%| Clean 1.0 [ k1g|(h. AR} (.00 018k Eoml; 7.8 E'r.k .30 E
1.98| sat 3.5 | %.00|(h.12) [ .0@5| (.029) { .0259] (.0168)] 6.1](5.9) | .19| (.20
1.98) Clesn 3.5 [ko09 k.m; 021 (.29 0235] - = = | 6.5~ =] . ---
A = 1271 in.® 1.68| Clean 2.0 | h.06)(h.12 0ok (.089, O3] -~- 16.6=-=--] 28]~~~
1/(t/2) = 0.04%9 in.? 1.58| Olean 1.0 |4.12[(ka2) | .0e8] (.0e5) | .om1k] (.ona8) | 7.2[¢7.2) | .28 ¢.am
Bft'= 0.3, bfo = 0.0% 1.45| Balt 3.5 [ he5|(4.06] ok | (.03 .020h | (.0207){ T.0{(6.8) | .32 | (.28)
1.k5| Glean 3.5 | 8.16](k.06 036 035, OLTB| « m = | TS| == =] 27| = ==
1.45| Clean 2.0 |L.a3/{k.06 038 (.035 0L6L] = =« | T6|= = =f 27| ===
1 e 1.45] Clean 1.0 |k.e7|(k.06) | .o88| (.035) | .o1k7 g.nl ) | 7.9, gs.og .28 {.2&;
1.98| sa1t 3.5 |k13|(h.06) | .0e9] (.033) | .0237] {.c1ho) | 6.6|{6.%) | .19 (.28
R 1.g8| Cleen 3.5 |®a7{(h.06) | @3] (.033) | 0122] - - - [7.3[- -] 27| ~- =
A= 1178 in? . 1.98{ Clean 2.0 [%.05((4.06 030 .033§ 0L02] = w = [ 7.6« =) AT = - -
1/(t/2) = 0.0383 1n.® 1.98| Oleen 1.0 [3.90{{k.06) § .036} {.033 00831 {.0100) | 8.0i{T.TV | .AT| (.1%)
b/t = 0, b/c = 0.0% 1.45] se1t 3.5 }3.99|(k.00 038 oug 01681 (.0187) | 7.6{(7.1) | .28 (.e7)
1.55] Clean 3.5 13.98y(k.00) | .o%1| (.om) | .ov - bT.8 - 27f - -~
1.h5{ Clean 2.0 |3.99[(k.00) | .0%3] (.om) [ .01 “ew [8.0]-~-~| £85F -=--=
- 1.45] Clean 1.0 [h.o3|(k.00} | 063 (.Oh 0137 fom 8.5(8.0y | .25 {.zk;
5 1.98| sa1t 3.5 |k.oe{ts.co) [ -o%1] (.o39) | ‘mzi| {0 1.0(t6.8) | 27| (a7
'1.98f Clesn 3.5 | 3.9%{(%.00 .038] (.039 0100 - ~= [T8] -~ 26] ===
A = 1,106 in2 1.58] Clean 2,0 {3.92]({%.00} | .0M1| {.039 m -- .0l --- 28] ---
I/(t/2) = 0.0348 in.% 1.58{ Clean 1.0 |3.52)(k. k7| (.039) | - {.0101) | 8.2 )(7.8) | .15] (.1%)
h/t = 0.6, bfc = 0.33 1.45] saat 3.% | s.27{({k.23 0351 {. (.0211) [ 6.5((6.7) | .33| (.29)
1.h%| Clean 3.5 | hor{(ka3 030 [ €. 0181f - . 7‘?. R -1
1.45] Clean 2.0 |%.16/(h.23) | .030( (.027) | o178 - -- | 7. - 28].--
16 - 1.4%5] Clean 1.0 b.36{(k,13 033 | (.0eT, it E.o.wn T.7 éa.e .30 E.ekg
1.98| Salt 3.5  |h.25f(ka2) | .c21| (.026) | .o1kT| (.01h9} | 6.01{6.3 21 19
1.68| Clean 3.5 |4.23((k.20) | 009 {.c06 b =[70] ~ad 9[-~~~
A = 1,189 n® 1.98| Clean 2.0 [h.20 k.m} el { .06 T2| oo AT] - - -
1/{t/2) = 0.036% in.® 1.98]| Clean 1.0 | kok{{k12) | .023] (. T8{(T7.9) | 28| (.2%)
b/t = 0.3, bfo = 0.33 1.4%| salt 3.5 |%05)(4.06 7.3 (.27)
1.4%| Clean 3.5 2.95 k.06 7.6 ---
1.5%| Clean 2.0 .10]¢k.06 Z.s ---
7 e — 1.43] Cleaa | 1.0 |h.20)(k. -0 f”}
1.98] salt 3.5 | h.os|(k. 6.9 1T
1.98| Clean 3.5 3.98{(k. T.ﬁ -
A 1,117 4n.B ) 1.98( Clean 2.0 |h.03[(k. 7. ---
I/(t/2} = 0.0349 in.® 1.98]| Clean 1.0 [5.26(L.06 T.7 (.13)
n/t = 0, bfc = 0.33 1.45] ealt 3.5 | 3.97|(k.00 Z'T (.2%)
1.45]| Cleen 3.5 3.97 k.00 .0 .-
1.4%) Clean 2.0 06]( k.00 8.3 ---
18 o —_ 1.48] Clean 1.0 3.89}( k.00, 8.6 5.23)
1.98| Beat 3.5 | h.o7|{k.00 T.2 .16)
1.96{ Clean 3.5 |3.96](k.00 1.7 ---
A =2.045 1n.2 1.68| Clean 2.0 |3.95/(4.00 8.2 ===
I/(tf2) = 0.0329 in.® 2.98{ Clesn 1.0 |3.67](4.00 8.3 (.15)

Note: Parentheses indicste theoretical values; upper half of aiffoils shown.
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TABLE III.- SUMMARY OF RESULTS = Continued

Basic airfoil:
Configar- Rough- R fo dox 1 e
= e o f3 et e | & o ((F) | e
b/t = 1.0, bfc = 0 1.05] Salt 3.5 [ k.32{(k.32} | 0.038 {{0.029) | 0.0k51[(0.0h28). | - -[ (+.8) |- - | (o.ke)
I R e L e e e
1. o . - o N i e ek i B S
x - 143 cleen| 1.0 |kB2l(n.3e)| .o%9){.ceg}| .omat i.0398) ---Ea.o; -] E.u)
1.£ sait 3.5 %.30] (k.30 .032 | (.0eB) | .0286| (.0e865) | k.k{(k.5} |0.28 27T
1o 1 el dm 2 MEIER SEE) ) el
T/(+/2) = 0.1063 108 1.98| cleen | 10 |b236l(v30)| lom0| Coes) | -ceha| (o) |30|(ows | 22 T
b/t = 0.6, bjc = 0.05 185 | saat 3.5 |ko{(k.20) | .05 Eou. -ok19] (.oh2k) | h.9|(k.8) |- - < (.k1)
bBlam| B el oo et
19 15| Clesn| 1.0 |b.39)(n.20) | 068 (lown) | ‘ozm1 E.om} -.'-Eg_z) - 5.238
1.98 | Balt 3.5 &.01 (k.18 .0k6 | ( .042) 0265 (.0276) | .B{(h.6) | .26
A = 1.906 tn.2 1| Gmal 20 |eSeltein | Seltoe)| el IIo|REn: - el
- 1. - an - .. - - uf - - - - --- - —-
1/(t/2) = 0.1033 in3 1.98 | Cleen 1.0 | k.27 2&-.1& .ohg ] (.0h2) | .0e26] (.ce20) | k.9{(3.2} | .26 ] (.23)
b/t = 0.3, b/e = 0.05 1.k5] Sazt 3.5 | ka2{(k.30) | .o13 é.osa 03691 (.0362) | 5.3)(5-1) |- - o (.30)
i:g Clean gg :ig :112 g 'g; wo333] CC 2 ;.2 falged Pl el
o Prr— 13| Giem | o [udleeis) | oaf| o)) o i |38l f2 -1 1)
1.981 galt 3.5 | b.08{(*.05 gg zogo 0e29{ (.0235) |5.1[(5.0) [ .25 (.2b)
A = 1.76T 1n.% i§ crean| 23 tali tg 0% g o196| — - C ;'E--_ 4 [
I/(fJé) = 0.0862 1n.® 1:96 Clean 1.0 h-:rr %09 .05 Eo:og -0186 (.0190) [5.5{(5.6) | =1 ({.21)
b/t = 0, bfe = 0.0% L.hs| salt 3.3 |3.90 zu.oo 080 | (.061) | .03k (.03%0) |5.%[(5.3) |~ - o (.36}
v el B et oo el s B Bl v e fols B
21 N 15| clean 1.0 |k.20{Ck.00} | 095 (.061) | .oe99( (.0325) [5.8 55.5) - - 5.35)
1.98| Salt 3.5 3.92 b.oo) | 063 (.05 | .0217| (.0239) {5.2§(5.1) |- - 4 (.28)
Losom s iBlam| B OGRNS | R ek el
1/(t/2) = 0.0763 1.0 1.98] clean 1.0 [3.85M(ki00) | omL 053) | .ora| (.0198) |5.7[(5.5) | .e0 | C.20)
b/t = 0.6, b/e = 0.33 1.¥%| Salt 3.3 [k.a8{(k.20) | .0% |(.0h0) | .0378| (.0358) [3.3{(%.2) |- - { (.38)
45| Ciean | 20 [vE|thEn | S (coiey | o3| coo I3R]zozlzogozs
L. o . of - o e ] = - -
o2 i 1-;3 Clean 1.0 |h27|(k.20) | .083 | (.0%0) | .0330 | (.0303} ---ED-T) --d (.39
1. Selt 3.5 | k.15{(%.28) | .ok1{(.038) | .0e3k) (.0e37) [5.0](5.0) | o8 | (.2k)
1.98} Clean 3.5 [&a7 h.m} .038 ) (.038) | . = 53] -a-] 23] --.
& = 1.78k in.2 1.98] clean 2.0 |h.35](h.28} | 03T (.038) | 0205] - -- [8.3]-=~--] 22] - -
1/(t/2) = 0.0867 102 1.98} Clean 1.0 | %.30{(k.18) | .039 [ (.038] .01gk | (.0180) |5.5{(5.8} | .22 | (.21)
hft = 0.3, bfe = 0.33 1.45 | Selt 3.5 | k.08{(h.10) | .065 S.DAS} -03%k | (.0326) |5.h{(%.5) - - < (.3%)
1.45| Clean 3.5 |k.15f(h.20) | o073 |(.088) | 031k]| - _ (3.5 ---[-=-d -2
1.k5] Clean 2.0 k.12|(k.10 073 | (.0h8 0298 - - e [58{-e-Je-d ..o
23 P . 1.k5| clean 1.0 {k.35|(k20) [ 078 {(-0L8) | .o302 E-oe'fl; ---56.0 - = o 2.33
1.98] seit 3.5 [k12{(h.09) | .ob9 [{.ch7) | .oeik] (.c21k) |5.3](5.2} | .2% | (.22
A = 1676 102 VR| Gaa| 32 |vaalioy | o ltan | Rl tos 13elzio &k
= 1.676 in. 1. R . o R . o -- 1 e ---
1/(t/2) = 0.07685 102 1_% Clesa 1.0 |k11 .093 .05 { (.0%7) | 0180 (.0168) |5.8[(%.9) | .21 [ (.20}
b/t = 0, bfc = 0.33 1.b5] Balt 3.3 13.97|(k.00) | .OT3 |(.058) | .032%| (.0310) |5.5((5.5) |- - 4 (.3¥)
1-:5 Clean 3.5 Lk-ols :-oo 078 -g) 0299 === {86]-cajead oo
L. Clean 2.0 - =[¢ho00} f- - -](. R (TSR Sgu DI DI I
ok S .. 1.&? Clesn 1.0 h.gz k.00) | 035 ](.058) | .0301| (.c28%) |5.8)(5.8) |- -4 (.33)
1.98| sa1t 3.5 [ 3.9%|(*.00} | -063](.0%5) | .ceok| (.0202) |5.2§(5.3) | 22| (.22)
568 102 ] el I e o B e B ] Bl A e B Bl
A = 1.568 in/ - . R . . o R o= |58 - -} . - - -
1/(t/2) = 0.0740 in® L98[ Clean 1.0 |3.83)(k.00 065 1 (.0%5 L0177 | (.0178) } 5.8[(5.7) | .22 | (.20)

Rota: Parentkeses indicate thecretical wvalues; upper helf of airfoils shown.
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TABLE ITI.- SUMMARY OF RESULTS ~ Continued

Basic airfoil:
Conflgur- Rough= R, Bo dem ¢ 1 [

ation h:?:":e’o‘_gﬁ cf2 " ness | mfllion ta & Cmin ( g )nx topt
B/t = 1.0, bfe = 0 1.45 ] Salt 3.9 | L2 (u.a1g 0.015{(0.017) | 0.023%|(0.0235} | 6.5{(6.4){ 0.35] (0.3}
1.45] Clean 3.5 | %.20j (k.21 0091 (017} | -021B] - = - | 6.B8f- = -] 3] -~
1.45{ Clean 2.0 kooel(k.21) [ 02| (.0LT) | 0012} - -~ | 6.9[- -] .32] (.27
. QR 1.45 [ Clean 1.¢ | 4.22 k.zlg 060 (.017) | L0298 E.olﬂo e (7MW - - = - -~
1.98| salt 3.5 %.37] (4.20 o] (.016 .0164) (.0168)| 6.2](5.9 21 (.20)
1.98| Clean 3.5 | %2 l-.zo; 008] (.016) t o1ke]| - -~ §6.3]---] ag{--~
A = 1,202 in.2 1.98 | Clean 2.0 4.07] (m.20 .a12] {.016) 0IWB] o -« | 6.8)- -] 9] -~
1/(tf2) = 0.0421 1n.® 1.98| Clean 1.0 | k.03[(h.20} | .ouh| (.008) | .0123] (.0006)] 6.8{(7.%}| .19| (.16)
b/t = 0.6, bfe = 0.05 1.45 ] Salt 3.3 | 4.28)(h.23) | .co8] (.027) | .0206] (.0220}| 6.8)J(6.6)] .32 ] (.2%)
1.L5| Clean 3.5 L.z 2&.13; .02l 2.027; 0191 - -« | 7.1{- ~ - .28f~ - -
1.45 | Cleen 2.0 |h.08]{k.13) | .ce3| (.07} | .01T6] ~ -~ | T7.3|-~-] .27~~~
25 ] 1.431 Clean 1.0 {%.20i(h.13) | -ca6) (.00T) | .0160| (.01%%)| T.6{(T.5)| 28| (.2%
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A = 1.0%8 1n.? 1.98 | Clesn 20 |--cde-cn]oca]aac o] o= --J------{---
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1f(t/2) = 0.0235 m.? 1.98| Clean 1.0 h.oL|{%.08) o2z | (.02%) | .0081§ (.00m1)| 8.5)(9.2) | .13] (.1.3)
b/t = 0, Bfe = 0.% 1.45 | salt 3.5 |3.87 (k.oo; okg j (.031) | .o119] (.0129) ; 8.8)(8.5) | .21} (.28)
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Bote: Parentheses indicate theoretical values; upper half of airfoils shown.
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NACA TN k039
l.~ Floating beam
2.~ Normal-force gage :
3.= Rolling-moment gage 9.~ Worm=-gear drive mechanism
4.~ Pitching-moment gage 10.- Balance housing
5= Side-force gage ' 11.~ Two-dimensional model
6.~ Pin connecting model 12.- Rotating circular plate
Shank to floating beam 13.~ Fairing
T+~ Chord-force gage 1k, - Boundary=-layer plates
8.~ Model shank 15.~ Main tunnel walls

Figure 1.~ Side=-support balance with & typical two-dimensional model
installation.
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Fairing

cerra matrix
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Wing
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Fairing

Clamps holding
rubber seal in
place

(b) Model with seal.

NACA TN k039

Rubber seal

Wing

Figure 2.- Detalls of the Junction between the wing and the boundary-

layer plate.
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- c=6"

b=length of boattail section
h=lrailing-edge thickness
t=airfoil thickness

(t} Biconvex

(2) Biconvex to

N, Nolo

£
3

(3} Biconvex to

c I
3 | 9 | | .0%5¢

(4) NACA 16-004

f h
=04, T'O

3

(5} Model ussed fo evaluate
wave drag of salt I"-75L*r/-5”” band

" 180"
250"
(6) Semispan modeal
e
2 ;
—— - e r——

L -06, 4R=2, c=6"

Figure 3.- Method of designating alrfoils and summary sketch of models
(not to scale).
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© With gap

B Gap sealed
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(b) Effect of gap on drag.

Figure 4.~ Concluded.
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10
Basic airfoil:
Biconvex fo ¢/3
8
6
B tc =086, h/f—‘l.O\
L
’ .
2
¢ o) o202, h/t =0, b/c =.33
Y L X 4a te=.06, h7t =0, b/ =.33
2 ® B A Shock-expansion theory
& 0
w
S
QS
&
A
-4
-6
pZi
I

-6 -2 -8 -4 o 4 8 2 16
Angle of attack, a

Fligure 5.- Typical variations of 1ift coefficient with angle of attack;
M = 1.98, transition fixed, R=3.5x10S.
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Pitching-moment cosfficlien, oy Fitehing-moment coefficlent, oy
(2) Thickness effect; h/t = 0, bfe = 0.33.(b) Trailing-edge bluntness effect; t/e = 0.06.

Figure 6.~ Typical variations of pitching~moment coefficient with 1ift coefficlent; M
trensition fixed, R=3.5x10%.
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NACA TN %039

Basic airfoil: Biconvex to ¢/3
© te=.02, h/t=}, b0
& =02, hA>0 bAe=33
a (=06, M=l bk=0
o =06, =0, bc=33

Filled symbols denolte
shock-expansion theory

u\'o

-8

-6

-4

=2 o 2
Lift coefficlent, ¢

4

Figure T.- Typical drag curves; M = 1.98, transition fixed, R=3.5><108.

12
Basic airfoll: Biconvex fo ¢/3
© te =02, h/t=l, b/c=0
g & e =02, h/t=0 b33
10 : %— O te=06, h/F<i, b=0O
: 1| O ¢t =06, ht=0 bc=33
- Filled symbols denote
RN d i ¥ Lo T shock-expansion theory
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Figure 8.- Typicel lift-drag ratio curves; M= 1.98, transition fixed,

Liff coefficlent, ¢;

R=3.5x108.
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Filgure 9.- Variation of lift-curve slope with trailing-edge bluntness for
all models tested; R = 1.0, .2.0, and 3.5 million, M = 1.45 and 1.98.
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Basic airfoil: Biconvex fo

< /3 © Biconvex to c/3, th =02, b/c =33
& © hA=Q ba =33 = Ve=04 b/c=33
S O ht=6 b33 & te=06 b33
:e'. &  hr=lo A Biconvex to ¢c/2, 1/c=.04, b/c=.50
s a NAGA 16-004
s 08
f I
Q \<
g 04 ™ = E\\)
: & Do e
| 3 7 * K
g Ltz ~ |
e 0 02 04 06 ) 4 8 -
% Thickness ratio, t/¢ ) Tralling-edge thickness, h/t
g (a) M = 1.45
g‘ .08
@
v
S - e
QU _ M
5 04 - -+
:l:: A L~ o
g P T :
0 02 04 06 0 4 8 ' -
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NACA TN 4039

Basic airfolk:

T?ailfng-édga thickness, h/t

(b) M = 1.98

Flgure 10.~ Variation of center-of-pressure location wilth thickness ratio
and trailing-edge thickness; transition fixed, R=3.5x10°.
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Figure 1ll.- Correlation between theoretical and experimentel center-of-
pressure locatlons for all the alrfoils snd Reynolds numbers.
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Basic airfoll: Biconvex fo ¢/3 —0— Biconvex to ¢/3, /e .02, bk=33
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Figure 12.- Variation of minimum drag coefficient with airfoil thickness
ratio and trailing-edge thickness ratio; transition fixed, R=3.5x10°%
unless noted otherwise.
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05 © Biconvex o ¢/3, Ie=02
< @ te=04
§ 04 (o4 e =06
& & Biconvex o ¢/2, 14 =.04
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(a) M = 1.45, transition fixed, (b) M = 1.98, tramsition fixed,
R=3.5x10°. R=3.5x10°%.

Figure 13.~ Correlation between theoretical and experimental minimum
drag coefficilents.
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FPigure 13.~ Concluded.
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Figure 1ll.- Variation of meximum lift-drag ratio and airfoil section

modulus with thickness ratio and tralling-edge thickness; transi-
tion fixed, R=3.5X10°
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Figure 15.- Variation of airfoil maximum 1ift-drag ratio with section
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(b) M = 1.98, transition fixed, R=3.5x10S.

Figure 15.- Continued.
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Figure 15.~ Continued.
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Filgure 15.~ Concluded.
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(2) Transition fixed, R=3.5x106. (b) Airfoils clesn, R=1.0x10%.

Pigure 16.- Correlation between theoretical snd experimental maximum
lift-drag ratios.
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